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ࡣᦤ㣗㞀ᐖࢆకࡗࡓ➇ᢏ⪅࡟ከࡃࡳࡽࢀࡿࠋయ᧯㑅ᡭࡸ㛗㊥㞳ࣛࣥࢼ࣮࠶ࡿ࠸ࡣࣂ࣮ࣞࢲ
ࣥࢧ࣮࡞࡝࡟࠾࠸࡚Ⓨ⑕⋡ࡀ㧗࠸ࠋ㐠ືࢆ⾜ࢃ࡞࠸ᦤ㣗㞀ᐖࡢ⨯ᝈ⋡ࡀ 㸫㸣࡛࠶ࡿࡢ
࡟ᑐࡋࠊዪᛶ࢔ࢫ࣮ࣜࢺ࡟࠾ࡅࡿᦤ㣗㞀ᐖࡢ⨯ᝈ⋡ࡣ 㸫㸣࡟ୖࡿ࡜ሗ࿌ࡉࢀ࡚࠾ࡾࠊ
%\UQH 60 DQG /HDQ 1  6XQGJRW%RUJHQ - HW DOዪᛶ࢔ࢫ࣮ࣜࢺࡣࠊ㐠ື
ࢆ⾜ࢃ࡞࠸ே࡜ẚ࡭࢚ࢿࣝࢠ࣮୙㊊࡟࡞ࡾࡸࡍࡃࠊ᭶⤒ᶵ⬟㞀ᐖࡸ㦵⢒㧼⑕࡟⨯ࡾࡸࡍ࠸ࠋ
 ᖺ࡟ࡣࢲࣥࢧ࣮࡟࠾ࡅࡿ࢚ࢿࣝࢠ࣮ࣂࣛࣥࢫ࡜᭶⤒ᶵ⬟㞀ᐖ࡜ࡢ㛵㐃ᛶ࡟ࡘ࠸࡚ึࡵ
࡚ሗ࿌ࡀ࡞ࡉࢀ:DUUHQ 03 HW DO ࠊṇᖖ࡞᭶⤒ᶵ⬟ࢆಖࡘࡓࡵ࡟ࡣ࢚ࢿࣝࢠ࣮ࡀ
㔜せ࡛࠶ࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋࡑࡢᚋࠊࡇࡢ㛵㐃ᛶ࡟ࡘ࠸࡚ከࡃࡢ◊✲ࡀ⾜ࢃࢀࡓ<HDJHU ..
HW DO  1DWWLY $ HW DO  2WLV &/ HW DO  0DUFXV 5 HW DO 
/RXFNV $% DQG 7KXPD -5 ࠋ࢚ࢿࣝࢠ࣮฼⏝⬟ࡢపୗࡣ⬻ࡢどᗋୗ㒊࡟స⏝ࡋ
*Q5+*RQDGWRURSLQ UHUHDVLQJ KRUPRQHࡢศἪࢆᢚไࡍࡿࠋḟ࠸࡛ୗᆶయᚋⴥ࠿ࡽࡢ
/+/XWHLQL]LQJ +RUPRQHࡢศἪࡀపୗࡍࡿࡓࡵᮎᲈࡢ༸ᕢ࡟స⏝ࡋ࢚ࢫࢺࣟࢤࣥศἪࢆᢚ
ไࡉࡏࡿࠋࡇࡢࡼ࠺࡞స⏝ᶵᵓ࡟ࡼࡗ࡚࢔ࢫ࣮ࣜࢺዪᛶࡢึ⤒ࡢ㐜ᘏࡸ᭶⤒ᶵ⬟୙඲ࡀ㉳
ࡇࡿࠋ࢚ࢿࣝࢠ࣮ࡢ୙㊊ࡀ  ᪥㛫⥆ࡃ࡜ /+ ࡢศἪࡀ஘ࢀࡿࡇ࡜ࠊప࢚ࢿࣝࢠ࣮ࡢ≧ែࡀ 
࢝᭶௨ୖ⥆ࡃ࡜᭶⤒࿘ᮇ࡟ᙳ㡪ࢆཬࡰࡍ࡜⪃࠼ࡽࢀ࡚࠸ࡿࠋࡉࡽ࡟ࠊ࢚ࢿࣝࢠ࣮฼⏝⬟ࡢ
పୗࡀ ᖺ㛫௨ୖ⥆ࡃ࡜㦵ᐦᗘ࡟ᙳ㡪ࢆཬࡰࡍࠋ
E ᭶⤒ᶵ⬟㞀ᐖ
ዪᛶ࢔ࢫ࣮ࣜࢺ࡟࠾ࡅࡿ᭶⤒ᶵ⬟㞀ᐖࡣࡋࡤࡋࡤࡳࡽࢀࠊཎⓎᛶ↓᭶⤒ࠊ⥆Ⓨᛶ↓᭶⤒
ࡀ࠶ࡿࠋ↓᭶⤒࡜ࡣ㏻ᖖࡢ᭶⤒ࡀ㉳ࡇࡽ࡞࠸ࡇ࡜࡛࠶ࡾ6WHGPDQ̓V ࠊཎⓎᛶ↓᭶
⤒࡜ࡣ ṓ࡟࡞ࡗ࡚ࡶึ⤒ࡀ㉳ࡁ࡞࠸ࡇ࡜࡛࠶ࡿࠋࡲࡓ⥆Ⓨᛶ↓᭶⤒࡜ࡣ ࣨ᭶㛫᭶⤒ࡀ
࡞࠸ࡇ࡜࡛࠶ࡾࠊᕼⓎᛶ᭶⤒࡜ࡣ᭶⤒࿘ᮇࡀ ᪥㛫௨ୖ࡜ࡉࢀ࡚࠸ࡿࠋ
ཎⓎᛶ↓᭶⤒ࡢⓎ⑕ࡢ๭ྜࡣࠊ୍⯡ࡢዪᛶ࡛⣙ 㸣࡛࠶ࡿࡢ࡟ᑐࡋ&KXPOHD :& HW DO
ࠊయ᧯㑅ᡭࠊࢳ࢔࣮ࣜࢲ࣮ࠊࢲ࢖ࣂ࣮࡛ࡣ 㸣ࢆ༨ࡵࡿ࡜ሗ࿌ࡉࢀ࡚࠸ࡿ%HDOV .$
HW DO ࠋࡇࢀࡽࡢ✀┠ࢆ㐙⾜ࡍࡿ➇ᢏ⪅࡛ࡣࠊⓎ⫱ᮇ࠿ࡽࡢཝࡋ࠸య㔜ไ㝈ࡸ㐣ᗘ
ࡢࢺ࣮ࣞࢽࣥࢢ࡟ࡼࡾ᭶⤒ᶵ⬟㞀ᐖࡀᘬࡁ㉳ࡇࡉࢀࡿࠋࡲࡓࠊ⥆Ⓨᛶ↓᭶⤒࠶ࡿ࠸ࡣ᥹Ⓨ
ᛶ↓᭶⤒ࡀ༨ࡵࡿ๭ྜࡣࠊ୍⯡ࡢዪᛶ࡟࠾࠸࡚ࡣ ̺㸣࡛࠶ࡿࡢ࡟ᑐࡋ3HWWHUVVRQ ) HW
4DO ࠊయ㔜ไ㝈ࢆせồࡉࢀࡿࣂ࣮ࣞࢲࣥࢧ࣮ࡸࣛࣥࢼ࣮࡛ࡣ 㸣ࠊ㸣ࠊ㸫㸣
$EUDKDP 6) HW DO  'XVHN 7  1DWWLY HW DO ࡟ୖࡿ࡜ሗ࿌ࡉࢀ࡚࠸ࡿࠋ
ዪᛶ࢔ࢫ࣮ࣜࢺࡢ୕୺ᚩࡢࢫ࣌ࢡࢺ࣒ࣛ࡟࠾࠸࡚ࠊ᭶⤒ᶵ⬟㞀ᐖࡣ⥆Ⓨᛶ↓᭶⤒࠿ࡽ↓᭶
⤒ࡲ࡛ࡀ♧ࡉࢀ࡚࠾ࡾ)LJXUH ࠊデ᩿ᇶ‽࡜ࡋ࡚ࠊ᭶⤒࿘ᮇࡀ⥆ࡅ࡚ 㹼ᅇ࡞࠸ࡇ࡜࡜
ࡉࢀ࡚࠸ࡿ2WLV &/ HW DO ࠋ7DEOH  ࡟ࡣࠊ␗࡞ࡿ➇ᢏ✀┠࡟࠾ࡅࡿཎⓎᛶ↓᭶⤒
ཬࡧ⥆Ⓨᛶ↓᭶⤒ࡢⓎ⑕⋡ࢆ♧ࡋࡓࠋ᭶⤒ᶵ⬟㞀ᐖࡢⓎ⑕㢖ᗘࡣࠊ➇ᢏ࡟ࡼࡾ␗࡞ࡾࠊࣂ
࣮࡛ࣞ 㸫㸣ࠊ㛗㊥㞳㉮࡛ 㸫㸣ࠊỈὋࡸ⮬㌿㌴➇ᢏ࡟࠾࠸࡚ࡣ⣙ 㸣ࡢ๭ྜ࡛㉳ࡇ
ࡿࡇ࡜ࡀ♧ࡉࢀ࡚࠸ࡿࠋ7DEOH  ࡢࡼ࠺࡟ࠊᑂ⨾ⓗほⅬ࠿ࡽ➇ᢏࣃࣇ࢛࣮࣐ࣥࢫྥୖࡢࡓࡵ
࡟య㔜ไ㝈ࢆせồࡉࢀࡿ➇ᢏ✀┠࡛࠶ࡿࠊࣂ࣮ࣞࢲࣥࢧ࣮ࡸ㛗㊥㞳㉮ࢆ⾜࠺➇ᢏ⪅࡛ࡢⓎ
⑕⋡ࡀ㧗࠸ࡇ࡜࠿ࡽࠊ࢚ࢿࣝࢠ࣮୙㊊ࡢ≧ែࡸ㈇ࡢ࢚ࢿࣝࢠ࣮ࣂࣛࣥࢫࡀせᅉ࡜࡞ࡗ࡚࠸
ࡿࡇ࡜ࡀࢃ࠿ࡿ0DUFXV 5 HW DO  /RXFNV $% HW DO  0\HUVRQ 0 HW DO ࠋ
ṇᖖ࡞᭶⤒࿘ᮇࢆಖࡘࡓࡵ࡟ࡣࠊయ⬡⫫⋡ࡀ 㸣௨ୖᚲせ࡛࠶ࡿࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠾ࡾ
)ULVFK 5( HW DO ࠋࡇࢀࡽࡢ➇ᢏࢆ㐙⾜ࡍࡿ➇ᢏ⪅࡟࡜ࡗ࡚ṇᖖ᭶⤒ࢆಖࡘࡇ࡜ࠊ
ࡲࡓᶵ⬟㞀ᐖ࡟⨯ࡗࡓணᚋࡢ἞⒪ࡀ㔜せ࡞ㄢ㢟࡛࠶ࡿࠋ
& ዪᛶ࢔ࢫ࣮ࣜࢺࡢ㦵ᐦᗘ
୍⯡ⓗ࡟㐺ᗘ࡞㐠ືࡣ㦵௦ㅰ࡟Ⰻ࠸ᙳ㡪ࢆ୚࠼ࡿࠋ㐠ືࡀࡶࡓࡽࡍຊᏛⓗ㈇Ⲵࡣ㦵ሷࡢ
ỿ╔ࢆቑຍࡉࡏࢥ࣮ࣛࢤࣥࡢ⏘⏕ࢆಁ㐍ࡍࡿࠋࡇࢀࡲ࡛ࠊᏱᐂ㣕⾜ኈࡸ㛗ᮇ⮩ᗋࡣⴭࡋ࠸
㦵ᐦᗘࡢῶᑡࢆㄏᑟࡋ㦵⢒㧼⑕ࢆⓎ⑕ࡉࡏࡿࡇ࡜࠿ࡽࠊຊᏛⓗ㈇Ⲵࡀ㦵௦ㅰ࡟㔜せ࡛࠶ࡿ
ࡇ࡜ࡀ♧ࡉࢀ࡚ࡁࡓࠋຊᏛⓗ㈇Ⲵࡢ࠿࠿ࡿ㐠ືࢆ㐙⾜ࡍࡿ࢔ࢫ࣮ࣜࢺࡣࠊ㐠ື⩦័ࡢ࡞࠸
⪅࡜ẚ㍑ࡋ࡚㦵ᐦᗘࡀ 㸫㸣㧗࠸ࡀ 5RELQVRQ 7/ HW DO  5LVVHU :/ HW DO 
)HKOLQJ 3& HW DO 㸹'XFKHU HW DO  /RUHQW]RQ HW DO ࠊ㐠ື࡟࢚ࢿࣝ
ࢠ࣮ᦤྲྀ୙㊊ࡸ㈇ࡢ࢚ࢿࣝࢠ࣮ࣂࣛࣥࢫࡀຍࢃࡿ࡜⏕ṪෆศἪ⣔ࢆ஘ࡋࠊࡸࡀ࡚㦵ᐦᗘࡀ
పୗࡍࡿࠋ$&60 ࡣࠊዪᛶ࢔ࢫ࣮ࣜࢺࡢ୕୺ᚩࡢ┦஫㛵ಀࡢࢫ࣌ࢡࢺ࣒ࣛࡢ୰࡛㦵࡟ࡘ࠸࡚ࠊ
㐺ṇ࡞㦵ࡢ೺ᗣRSWLPDO ERQH KHDOWK ࠿ࡽ㦵⢒㧼⑕RVWHRSRURVLVࡢ⠊ᅖࢆ♧ࡋ࡚࠾ࡾࠊ
㦵⢒㧼⑕ࡣ୕୺ᚩࡢ࡞࠿࡛᭱ࡶ࢚ࢿࣝࢠ࣮ᦤྲྀ୙㊊ࡢ≧ែࡀ㛗ࡃ⥅⥆ࡉࢀࡓ᫬࡟㉳ࡇࡿ⑌
ᝈ࡛࠶ࡿࠋ ᖺ 1LFKROV HW DOࡣࠊ࢔ࢫ࣮ࣜࢺዪᛶࡢ୕୺ᚩࡢ㦵ࡢ⑌ᝈ࡟㛵ࡍࡿデ᩿ᇶ
‽ࢆࠊ:+2 ࡢᐃ⩏ࢆ⏝࠸ࠊ<$0<RXQJ DGXOW PHDQࡢᶆ‽೫ᕪࡀ 6' ௨ୖ࡛͂㦵㔞ῶᑡ̓࡜
ࡋࠊ6' ௨ୖ࡛͂㦵⢒㧼⑕̓࡜ࡋ࡚࠸ࡿࠋ
࢔ࢫ࣮ࣜࢺ࡟࠾ࡅࡿ㦵⢒㧼⑕ࢆⓎ⑕ࡍࡿ๭ྜࡣ➇ᢏ✀┠࡟ࡼࡗ࡚␗࡞ࡾࠊ᭶⤒ᶵ⬟㞀ᐖ
ࡸᦤ㣗㞀ᐖࢆకࡗࡓ㛗㊥㞳ࣛࣥࢼ࣮ࡣࠊయ᧯㑅ᡭࡸࢧࢵ࣮࢝ࠊࣂ࣮࣮ࣞ࣎ࣝࠊࢸࢽࢫ➇ᢏ
⪅࡜ẚ㍑ࡋ࡚㦵ᐦᗘࡀప࠸0LVUD 0 ࠋࡲࡓࠊ ேࡢ㧗ᰯ⏕ࢆᑐ㇟࡜ࡋࡓㄪᰝ◊✲
ࡢ⤖ᯝࠊప㦵ᐦᗘ࡟ヱᙜࡍࡿዪᏊ㧗ᰯ⏕ࡣ 㸣࡛࠶ࡗࡓࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿ1LFKROV
HW DO ࠋࡉࡽ࡟ࠊ୍᪉࡛ࡣప㦵ᐦᗘ࡜ప࢚ࢫࢺࣟࢤࣥࣞ࣋ࣝࡀ┦㛵ࡋ࡞࠿ࡗࡓ࡜࠸
5࠺ሗ࿌ࡶࡉࢀ࡚࠸ࡿࡶࡢࡢࠊ᭶⤒ᶵ⬟୙඲ࡢዪᛶ࢔ࢫ࣮ࣜࢺ࡟࠾࠸࡚ࡣࠊప࢚ࢫࢺࣟࢤࣥ
ࣞ࣋ࣝ࡜ప㦵ᐦᗘࡢ㛵㐃ᛶࡀሗ࿌ࡉࢀ࡚࠸ࡿ6QRZ+DUWHU &0 HW DO  =DQNHU &/ HW
DO ࠋ
㸱㸬 ዪᛶ࢔ࢫ࣮ࣜࢺ࡟࠾ࡅࡿ㦵ᐦᗘపୗࡢస⏝ᶵᵓ
D ࣄࢺ࡟࠾ࡅࡿ◊✲ሗ࿌
㦵ࡣయࡢᨭᣢ⤌⧊࡜ࡋ࡚㔜せ࡛࠶ࡿࡔࡅ࡛࡞ࡃ⏕࿨⌧㇟ࡢ⥔ᣢ࡟ࡶ୙ྍḞ࡞⤌⧊࡛࠶ࡾࠊ
άⓎ࡞௦ㅰάືࢆ⾜ࡗ࡚࠸ࡿࠋ㦵⤌⧊୰࡟ࡣ⾑⟶ࡸ⚄⤒ࡀศᕸࡋ࡚࠾ࡾࠊࡇࢀࡽࡢാࡁ࡟
ࡼࡗ࡚㦵ࡢ⣽⬊ࡣ⥔ᣢࡉࢀࠊ࢝ࣝࢩ࣒࢘ࡸࣜࣥ࡞࡝ࡢ࣑ࢿࣛࣝࡢືែࡀㄪ⠇ࡉࢀ࡚࠸ࡿࠋ
ࣄࢺࡢ㦵㔞ࡢ୍⏕ࢆ㏣࠺࡜ࠊ᭱኱㦵㔞3%0 3HDN ERQH PDVVࡢ㸣ࡀṓ㡭ࡲ࡛࡟㐩ᡂࡉ
ࢀ5HFNHU HW DO  +HQU\ HW DO  :KLWLQJ HW DO ࠊࡑࡢᚋṓ㡭ࡲ
࡛㸫㸣ࡢ㦵㔞ࡀቑຍࡋࠊ᭱኱㦵㔞ࢆ⋓ᚓࡍࡿࠋዪᛶࡣ㧗㱋ᮇ࡟ධࡿ࡜㦵㔞ࡀẖᖺ⣙㸣
ࡎࡘኻࢃࢀࠊዪᛶ࡛ࡣ㛢⤒ᚋࡑࡢῶᑡࡀ⣙㸣࡟ቑຍࡍࡿᡃࠋ ࡀᅜࡢ㦵⢒㧼⑕ࡢᐃ⩏ࡣࠊࠕཎ
Ⓨᛶ㦵⢒㧼⑕ࡢデ᩿ᇶ‽ᖺᗘᨵゞ∧ࠖࡢ୰࡛͆ࠊ 㦵ᙉᗘࡢపୗࢆ≉ᚩ࡜ࡋࠊ㦵ᢡࡢࣜ
ࢫࢡࡀቑ኱ࡋࡸࡍࡃ࡞ࡿ㦵᱁⑌ᝈ͇࡜ࡉࢀ࡚࠾ࡾ&RQIHUHQFH UHSRUW ࠊᝈ⪅ᩘࡣ
୓ே࡟ୖࡿࡀࠊዪᛶࡢ༨ࡵࡿ๭ྜࡀᅽಽⓗ࡟ከ࠸<RVKLPXUD 1 ࠋ⡿ᅜ࡟࠾࠸
࡚ࡶ୓ேࢆ㉸࠼ࡿ㦵⢒㧼⑕ᝈ⪅ࡢ㸣௨ୖࡣዪᛶ࡛࠶ࡿࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿ
1DWLRQDO 2VWHRSRURVLV )RXQGDWLRQ ࠋዪᛶࡣ㧗㱋ᮇࡢ࢚ࢫࢺࣟࢤࣥศἪࡢపୗ࡟
క࠸ᛴ㏿࡞㦵㔞ῶᑡ࡟ᑐᛂࡍࡿⅭࠊᡂ㛗ᮇ࡟ᚓࡽࢀࡿ᭱኱㦵㔞ࢆ࠸࠿࡟㧗ࡵࡿ࠿ࡀ㔜せ࡛
࠶ࡿࠋ࡜ࡃ࡟ࠊዪᛶ࢔ࢫ࣮ࣜࢺࡣ➇ᢏࢆ㐙⾜ࡍࡿ᫬ᮇࡀ᭱኱㦵㔞ࢆ⋓ᚓࡍࡿ᫬ᮇ࡛࠶ࡾࠊ
ࢺ࣮ࣞࢽࣥࢢ࡜࢚ࢿࣝࢠ࣮ࡸᰤ㣴୙㊊࡟ࡼࡗ࡚ᘬࡁ㉳ࡇࡉࢀࡿ㦵㔞ῶᑡࢆண㜵ࡍࡿࡇ࡜ࡀ
㔜せ࡞ㄢ㢟࡛࠶ࡿࠋ
6㸲㸬 ኱㇋࢖ࢯࣇࣛ࣎ࣥ࡜ࡑࡢ⏕⌮స⏝
኱㇋࢖ࢯࣇࣛ࣎ࣥࡣࣇࣛ࣎ࣀ࢖ࢻ໬ྜ≀࡛࠶ࡾࠊࡑࡢศᕸࡣ࣐࣓⛉ࠊࣂࣛ⛉ࠊ࢔࣓ࣖ⛉
࡞࡝  ✀ࡢ᳜≀࡟ཬࡧ࣐࣓⛉࡟ࡶࡗ࡜ࡶከࡃྵࡲࢀ࡚࠸ࡿ㸦㈨ᩱ 㸧ࠋࡲࡓࠊ኱㇋ࢆ౑⏝
ࡋࡓ኱㇋〇ရࡸຍᕤ㣗ရ࡟ࡶ࢖ࢯࣇࣛ࣎ࣥࡀከࡃྵࡲࢀ࡚࠸ࡿࠋ࢖ࢯࣇࣛ࣎ࣥࡢ໬Ꮫᵓ㐀
ࡀዪᛶ࡛࣍ࣝࣔࣥ࠶ࡿ࢚ࢫࢺࣟࢤࣥ࡜㢮ఝࡋ࡚࠸ࡿࡇ࡜࠿ࡽ㸦)LJXUH 㸧⏕యෆ࡛ᙅ࠸࢚
ࢫࢺࣟࢤࣥᵝస⏝ࢆⓎ᥹ࡍࡿࡓࡵ᳜ࠊ ≀ᛶ࢚ࢫࢺࣟࢤ 㸦ࣥSK\WRHVWURJHQ㸧࡜࿧ࡤࢀ࡚࠾ࡾࠊ
୺࡞⏕⌮స⏝࡜ࡋ࡚ࠊᢠ㓟໬స⏝:KHQW 0 HW DO ࠊ཯࢚ࢫࢺࣟࢤࣥᵝస⏝5RVV &
HW DO ࠊ㦵ᐦᗘపୗᢚไస⏝,VKLGD + HW DO  )DQWL 3 HW DO  ,VKLPL
< HW DO  ,VKLPL < HW DO ࡞࡝ࡀ▱ࡽࢀ࡚࠸ࡿࠋࡋ࠿ࡋࠊ࢖ࢯࣇࣛ࣎ࣥࡢ
㐣๫ᦤྲྀࡣங⒴⣽⬊ࡢቑṪࢆಁ㐍ࡍࡿⅭGH /HPRV 0/ ࠊங⒴࡟⨯ᝈࡋ࡚࠸ࡿ⪅ࡣ
ὀពࡀᚲせ࡛࠶ࡿࠋ㛢⤒ᮇዪᛶ࡟࠾ࡅࡿ㦵ᐦᗘపୗᢚไ࡟᭷⏝࡛࠶ࡿࡇ࡜࠿ࡽ௦᭰་⒪ᡂ
ศ࡜ࡋ࡚ࠊࡲࡓࠊ≉ᐃಖ೺⏝㣗ရࡢ㛵୚ᡂศ࡜ࡋ࡚ᮇᚅࡉࢀ࡚࠸ࡿࠋ࢖ࢯࣇࣛ࣎ࣥࡣ࢚ࢫ
ࢺࣟࢤࣥࣞࢭࣉࢱ࣮ࡢȘཬࡧș࡟ぶ࿴ᛶࢆ᭷ࡋࠊ✀㢮࡟ࡼࡾぶ࿴ᛶࡀ␗࡞ࡿࠋ࢚ࢫࢺࣟࢤ
ࣥ࡜ẚ㍑ࡍࡿ࡜ (5 ࡜ࡢぶ࿴ᛶࡣ 㸫 ಸప࠸ࡀࠊ࢖ࢯࣇࣛ࣎ࣥࡢ୰࡛ࡶࢤࢽࢫࢸ࢖ࣥ
ࡸࢲ࢖ࢮ࢖ࣥࡣẚ㍑ⓗぶ࿴ᛶࡀ㧗࠸ࠋ
ࡲࡓࠊࢤࢽࢫࢸ࢖ࣥࡣ (5ș࡜ࡢぶ࿴ᛶࡀȘࡼࡾࡶ 㸫 ಸ㧗࠸.XLSHU ** HW DO 
0RUDELWR 1 HW DO ࠋ(5 ࡢᒁᅾࡣࠊȘࡀᏊᐑࠊங⭢ࠊ༸ᕢࠊ╺୸ࠊ⭈⮚ࠊ⬻どᗋୗ
㒊ࠊ⬻ୗᆶయ࡞࡝࡟ከࡃࠊșࡀ㦵ࠊ⾑⟶ࠊ⬻ࠊ⫵ࠊ๓❧⭢ࠊ⭤⬔࡞࡝࡟ከࡃᒁᅾࡋ࡚࠸ࡿࠋ
(5șࡀ㦵࡟ከࡃᒁᅾࡋ࡚࠸ࡿࡇ࡜࠿ࡽࠊࢤࢽࢫࢸ࢖ࣥࡸࢲ࢖ࢮ࢖ࣥࡢᦤྲྀ࡟ࡼࡾ㦵ᐦᗘప
ୗᢚไຠᯝࢆ♧ࡍሗ࿌ࡀከᩘ࡞ࡉࢀ࡚࠸ࡿ,VKLPL < HW DO  'H :LOGH $ HW DO
 ,VKLPL HW DO  ,VKLPL < HW DO  %DR / HW DO ࠋࡉࡽ࡟ࠊ࢖
ࢯࣇࣛ࣎ࣥࡢ㦵௦ㅰ࡬ࡢᙳ㡪ࡣ LQ YLWUR ࡛ࡶከᩘ᳨ウࡉࢀ࡚࠸ࡿࠋ࢖ࢯࣇࣛ࣎ࣥࡀ㦵௦ㅰ
࡬ཬࡰࡍస⏝ᶵᵓ࡜ࡋ࡚ࠊࡘࡢస⏝ࡀ⪃࠼ࡽࢀ࡚࠾ࡾ ࡘࡣ◚㦵⣽⬊ࡢ࢔࣏ࢺ࣮ࢩࢫࡢᢚ
ไࠊࡘ┠ࡣ◚㦵⣽⬊࠿ࡽศἪࡉࢀࡿࢳࣟࢩࣥ࢟ࢼ࣮ࢮάᛶᢚไຠᯝ࡛࠶ࡿࠋ⣽⬊ࢆ⏝࠸ࡓ
ᐇ㦂࡛ࡣࠊࢤࢽࢫࢸ࢖ࣥࡀ㦵ⱆ⣽⬊ࢆ่⃭ࡋ▼⅊໬ࢆಁ㐍ࡍࡿࡇ࡜*DR <+ DQG <DPDJXFKL
0  <DPDJXFKL 0 *DR <+ ࠊ㦵ⱆ⣽⬊ࢿ࢞ࢸ࢕ࣈㄪ⠇ᅉᏊ࡛࠶ࡿ 1)N% άᛶ
ࢆᢚไࡍࡿࡇ࡜<DPDJXFKL 0 DQG :HLW]PDQQ 01 ࡀሗ࿌ࡉࢀ࡚࠸ࡿࠋࡇࡢࡼ࠺࡟ࠊ
኱㇋࢖ࢯࣇࣛ࣎ࣥࡀ㦵ᐦᗘపୗᢚไຠᯝࢆ♧ࡍ஦ࠊࡉࡽ࡟⣽⬊ࢆ⏝࠸ࡓ᳨ウ࠿ࡽࡶ㦵࡬ཬ
ࡰࡍຠᯝࢆ᭷ࡍࡿ஦ࡀᩘከࡃࡢ◊✲ࡼࡾ♧ࡉࢀ࡚ࡁࡓࠋ
㸳㸬ᮏㄽᩥࡢ┠ⓗ
௨ୖ࡟♧ࡋࡓඛ⾜◊✲࠿ࡽࠊዪᛶ࢔ࢫ࣮ࣜࢺࡢ㦵⢒㧼⑕ண㜵࡜἞⒪ࡣ㔜せ࡞ㄢ㢟࡛࠶ࡿࠋ
ࡋ࠿ࡋ࡞ࡀࡽࠊࣄࢺࢆᑐ㇟࡜ࡋ࡚ࡢ᳨ウࡣᅔ㞴࡛࠶ࡾ◊✲ࢥࢫࢺࡶ࠿࠿ࡿࠋ୍᪉ࠊື≀ࢆ
7⏝࠸ࡓ᳨ウࡣᰤ㣴⣲ࡸ㠀ᰤ㣴⣲ᡂศࡢຠᯝࢆホ౯ࡍࡿୖ࡛㔜せ࡞ᇶ♏ࢹ࣮ࢱ࡜࡞ࡿࡀࠊዪ
ᛶ࢔ࢫ࣮ࣜࢺࡢ㦵⢒㧼⑕ࣔࢹࣝື≀ࡣᮍࡔ☜❧ࡉࢀ࡚࠸࡞࠸ࠋࡉࡽ࡟ࠊࣔࢹࣝື≀ࢆ⏝࠸
ࡓᰤ㣴⣲ࡸ㠀ᰤ㣴⣲ᡂศࡢຠᯝࢆ᳨ウࡋࡓሗ࿌ࡣᮍࡔ࡞࠸ࠋࡑࡇ࡛ᮏ◊✲࡛ࡣ᳨ウㄢ㢟 
࡜ࡋ࡚ࠊ࢔ࢫ࣮ࣜࢺዪᛶࡢ㦵⢒㧼⑕ࣔࢹࣝື≀ࡢ☜❧ࢆ┠ⓗ࡜ࡋࠊ⮬Ⓨ㐠ືཬࡧ࢚ࢿࣝࢠ
࣮ไ㝈ࡀࣛࢵࢺ㦵ᐦᗘ࡟ཬࡰࡍᙳ㡪ࢆ᳨ウࡍࡿࡇ࡜ࡋࡓࠋࡲࡓ᳨ウㄢ㢟  ࡜ࡋ࡚ࠊ⮬Ⓨ㐠
ືཬࡧ࢚ࢿࣝࢠ࣮ไ㝈ㄏⓎᛶ㦵ᐦᗘపୗ࡟ᑐࡋࠊ኱㇋࢖ࢯࣇࣛ࣎ࣥᦤྲྀࡀ㦵࡟୚࠼ࡿᙳ㡪
ࢆ᳨ウࡍࡿࡇ࡜ࢆ┠ⓗ࡜ࡋࡓࠋ
㸴㸬ᮏㄽᩥࡢᵓᡂ
᳨ウㄢ㢟㸯㸬⮬Ⓨ㐠ືཬࡧ࢚ࢿࣝࢠ࣮ไ㝈ࡀᡂ⇍ᮇ㞤ࣛࢵࢺ㦵ᐦᗘ࡟ཬࡰࡍᙳ㡪ࢆ᳨ウࡍ
ࡿ㸦➨㸰❶㸧
᳨ウㄢ㢟㸰㸬኱㇋࢖ࢯࣇࣛ࣎ࣥᦤྲྀࡀ⮬Ⓨ㐠ືཬࡧ࢚ࢿࣝࢠ࣮ไ㝈ㄏⓎᛶࠊ㦵ᐦᗘపୗ࡟
ཬࡰࡍຠᯝࢆ᳨ウࡍࡿ㸦➨㸱❶㸧
8/RZ (QHUJ\ $YDLODELOLW\
:LWK RU ZLWKRXW
DQ (DWLQJ 'LVRUGHU
)XQFWLRQDO
+\SRWKDODPLF
$PHQRUUKHD 2VWHRSRURVLV
2SWLPDO (QHUJ\
$YDLODELOLW\
2SWLPDO %RQH
+HDOWK
(XPHQRUUKHD
(GXFHG (QHUJ\ $YDLODELOLW\
ZLWK RU ZLWKRXW
'LVRUGHUHG (DWLQJ
6XEFOLQLFDO
0HQVWUXDO
'LVRUGHUV /RZ
%0'
)LJXUH  )HPDOH DWKOHWH WULDG 7KH VSHFWUXPV RI HQHUJ\ DYDLODELOLW\ PHQVWUXDO
IXQFWLRQ DQG ERQH PLQHUDO GHQVLW\ DORQJ ZKLFK IHPDOH DWKOHWHV DUH GLVWULEXWHG QDUURZ
DUURZV $Q DWKOHWH̓V FRQGLWLRQ PRYHV DORQJ HDFK VSHFWUXP DW D GLIIHUHQW UDWH LQ
RQH GLUHFWLRQ RU WKH RWKHU DFFRUGLQJ WR KHU GLHW DQG H[HUFLVH KDELWV (QHUJ\
DYDLODELOLW\ GHILQHG DV GLHWDU\ HQHUJ\ LQWDNH PLQXV H[HUFLVH HQHUJ\ H[SHQGLWXUH
DIIHFWV ERQH PLQHUDO GHQVLW\ ERWK GLUHFWO\ YLD PHWDEROLF KRUPRQHV DQG LQGLUHFWO\ YLD
HIIHFWV RQ PHQVWUXDO IXQFWLRQ DQG WKHUHE\ HVWURJHQ WKLFN DUURZV
97DEOH  6XUYH\V RI WKH SUHYDOHQFH RI DPHQRUUKRHD DQG ROLJRPHQRUUKRHD LQ GLIIHUHQFH
DWKOHWLF GLVFLSOLQHV
$FWLYLW\ 6WXG\ Q
3HUFHQWDJH ZLWK
LUUHJXODULWLHV
*HQHUDO SRSXODWLRQ 3HWHUVRQ HW DO   
6LQJK   
:HLJKW EHDULQJ VSRUWV
%DOOHW $EUDKDP HW DO   
%URRNV*XQQ HW DO   
)HLFKW HW DO   
*ODVV HW DO   
5XQQLQJ 6KDQJROG DQG /HYLQH   
6DQERUQ HW DO   
1RQZHLJKW EHDULQJ VSRUWV
&\FOLQJ 6DQERUQ HW DO   
6ZLPPLQJ 6DQERUQ HW DO   
5HSURGXFHG ZLWK SHUPLVVLRQ RI &RQVWDQWLQL 1: 	 :DUUHQ 03
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㈨ᩱ㸯 ࢖ࢯࣇࣛ࣎ࣥࡢ✀㢮
ศ㢮 ࢲ࢖ࢮ࢖ࣥᆺ࢖ࢯࣇࣛ࣎ࣥ ࢢࣜࢩࢸ࢖ࣥᆺ࢖ࢯࣇࣛ࣎ࣥ ࢤࢽࢫࢸ࢖ࣥᆺ࢖ࢯࣇࣛ࣎ࣥ
㓄⢾య ࢲ࢖ࢪࣥ
㹂'DLG]LQ
ࢢࣜࢩࢳࣥ
㹅㹪*O\FLWLQ
ࢤࢽࢫࢳࣥ
㹅*HQLVWLQ
࣐ࣟࢽࣝ㓄⢾య ࣐ࣟࢽࣝࢲ࢖ࢪࣥ
㹋㹂2
0DORQ\OGDLG]LQ
࣐ࣟࢽࣝࢢࣜࢩࢳࣥ
㹋㹅㹪2
0DORQ\OJO\FLWLQ
࣐ࣟࢽࣝࢤࢽࢫࢳࣥ
㹋㹅20DORQ\OJHQLVWLQ
࢔ࢭࢳࣝ㓄⢾య ࢔ࢭࢳࣝࢲ࢖ࢪࣥ
㸿㹂2
$FHW\OGDLG]LQ
࢔ࢭࢳࣝࢢࣜࢩࢳࣥ
㸿㹅㹪2$FHW\OJO\FLWLQ
࢔ࢭࢳࣝࢤࢽࢫࢳࣥ
㸿㹅2$FHW\OJHQLVWLQ
ࢧࢡࢩࢽࣝ㓄⢾య ࢧࢡࢩࢽࣝࢲ࢖ࢪࣥ
㹑㹂2
VXFFLQ\OGDLG]LQ
ࢧࢡࢩࢽࣝࢢࣜࢩࢳࣥ
㸦㹑㹅㹪2
VXFFLQ\OJO\FLWLQ㸧
ࢧࢡࢩࢽࣝࢤࢽࢫࢳࣥ
㸦㹑㹅2VXFFLQ\OJHQLVWLQ㸧
࢔ࢢࣜࢥࣥ ࢲ࢖ࢮ࢖ࣥ
㹂㹣'DLG]HLQ
ࢢࣜࢩࢸ࢖ࣥ
㹅㹪㹣*O\FLWHLQ
ࢤࢽࢫࢸ࢖ࣥ
㹅㹣*HQLVWHLQ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OH
O
OR2
HO
R1
໬ྜ≀ R1 R2
䝎䜲䝊䜲䞁 H H
䜾䝸䝅䝔䜲䞁 OCH3 H
䝀䝙䝇䝔䜲䞁 H OH
䜰䜾䝸䝁䞁
A
OH
O
OR2
O
O
R1
H
OH
H
H
OH
H
HO
CH2OCOR3
໬ྜ≀ R1 R2 R3
䝎䜲䝆䞁 H H H
䜾䝸䝅䝏䞁 OCH3 H H
䝀䝙䝇䝏䞁 H OH H
䝬䝻䝙䝹䜾䝹䝁䝅䝗 CH2COOH
䜰䝉䝏䝹䜾䝹䝁䝅䝗 CH3
䝃䜽䝅䝙䝹䜾䝹䝁䝅䝗 CH2CH2COOH
䜾䝹䝁䝅䝗B
)LJXUH  ኱㇋࢖ࢯࣇࣛ࣎ࣥࡢ࢔ࢢࣜࢥࣥཬࡧ㓄⢾యࡢ໬Ꮫᵓ㐀
12
➨㸰❶ ⮬Ⓨ㐠ືཬࡧ࢚ࢿࣝࢠ࣮ไ㝈ㄏⓎᛶࠊ㦵ᐦᗘపୗࣔࢹࣝື≀ࡢ☜❧
㸰㸫㸯㸬⥴ゝ
࢚ࢿࣝࢠ࣮ไ㝈ࡀ㦵ᐦᗘࢆపୗࡉࡏࡿࡇ࡜ࡀࣄࢺཬࡧື≀ࡢᐇ㦂࡛ከᩘሗ࿌ࡉࢀ࡚࠸ࡿ
7DOERWW 60 HW DO  &LIXHQWHV 0 HW DO  &LIXHQWHV 0 HW DO  +DZNLQV
- HW DO  7XUQHU 57 HW DO ࠋࣛࢵࢺࢆ⏝࠸ࠊ࢚ࢿࣝࢠ࣮ไ㝈ࡀ㦵࡬ཬࡰࡍ
ᙳ㡪ࢆ᳨ウࡋࡓሗ࿌࡛ࡣ 㸫㸣ࡢ⠊ᅖ࡛ࡢไ㝈ࡀ᳨ウࡉࢀ࡚࠾ࡾࠊ㦵ᐦᗘపୗࢆㄏᑟࡍ
ࡿࡢࡣ㸫㸣ࡢሗ࿌ࡀከࡃࠊࡑࡢヨ㦂ᮇ㛫ࡣ㐌㛫࠿ࡽ㐌㛫᳨࡛ウࡉࢀ࡚࠸ࡿ%DQX 0-
HW DO  7DOERWW 60 HW DO  &LIXHQWHV 0 HW DO  &LIXHQWHV 0 HW DO
 7DOERWW 60 HW DO ࠋ
୍᪉ࠊ㧗ᙉᗘ࡛㛗ᮇࡢ㐠ືࡀ⏕ṪෆศἪ⣔ࡢᶵ⬟୙඲ࢆᘬࡁ㉳ࡇࡍࡇ࡜ࡀࠊື≀ࢆ⏝࠸
ࡓᐇ㦂࠿ࡽ᫂ࡽ࠿࡟ࡉࢀ࡚࠸ࡿ&KDWWHUWRQ 57 -U HW DO  &DVWRQ $/ HW DO ࠋ
:LOOLDPV HW DOࡣࠊࢧࣝࢆ⏝࠸㧗ᙉᗘࡢࢺࣞࢵࢻ࣑ࣝ㉮㐠ື㈇Ⲵࡀ࢚ࢿࣝࢠ࣮฼⏝⬟ࡢప
ୗࢆᘬࡁ㉳ࡇࡋࠊ⏕ṪෆศἪ⣔࣍ࣝࣔࣥࡢศἪᛂ⟅ཬࡧᛶ࿘ᮇࢆ஘ࡍࡇ࡜ࢆሗ࿌ࡋ࡚࠸ࡿ
:LOOLDPV 1, HW DO ࠋࡲࡓࠊᙼࡽࡣࢧࣝࢆ⏝࠸࡚ྠᵝࡢᐇ㦂ࢆ⾜࠸㐠ື࡟ࡼࡗ࡚
஘ࢀࡓᛶ࿘ᮇࡀ࢚ࢿࣝࢠ࣮ࢆ౪⤥ࡍࡿ࡜ᅇ᚟ࡍࡿࡇ࡜ࢆሗ࿌ࡋ࡚࠾ࡾ:LOOLDPV 1, HW DO
ࠊ⏕ṪෆศἪ⣔ࡢ࣍ࣝࣔࣥᛂ⟅࡟࢚ࢿࣝࢠ࣮ࡀ㔜せ࡛࠶ࡿࡇ࡜ࡀ♧၀ࡉࢀ࡚࠸ࡿࠋ
ୖグࡢࡼ࠺࡟ࠊ࢚ࢿࣝࢠ࣮ไ㝈ࡀ㦵௦ㅰ࡟ཬࡰࡍᙳ㡪ࢆ᳨ウࡋࡓሗ࿌ࠊ࠶ࡿ࠸ࡣ㧗ᙉᗘ
ࡢ㐠ືࡀ⏕ṪෆศἪ⣔࡬ࡢᙳ㡪ࢆ᳨ウࡋࡓሗ࿌ࡣ࡞ࡉࢀ࡚࠸ࡿࡀࠊ㐠ື࡜࢚ࢿࣝࢠ࣮ไ㝈
㈇Ⲵ࡟ࡼࡾ㦵௦ㅰཬࡧ⏕ṪෆศἪ⣔࣍ࣝࣔࣥ࡬ࡢᛂ⟅ࢆྠ᫬࡟ホ౯ࡋࡓ◊✲ሗ࿌ࡣᑡ࡞࠸ࠋ
6ZLIW 61 HW DOࡣࢺࣞࢵࢻ࣑ࣝ㉮㐠ື࡟ 㸣࢚ࢿࣝࢠ࣮ไ㝈ࢆ㈇Ⲵࡋ㦵ᐦᗘ࡬ࡢᙳ㡪ࢆ
᳨ウࡋࡓ࡜ࡇࢁࠊ㐌㛫ࡢ࢚ࢿࣝࢠ࣮ไ㝈࡛㦵㔞ࡀ㸣ῶᑡࡋࡓࠋࡲࡓࠊ'LPDUFR 10 HW
DO㸦㸧ࡽࡣࠊዪᛶ࢔ࢫ࣮ࣜࢺ୕୺ᚩ)$7ࣔࢹࣝື≀ࡢ☜❧ࢆ┠ⓗ࡜ࡋ࡚ࠊ⮬Ⓨ㐠ື
ཬࡧ࢚ࢿࣝࢠ࣮ࢆ㈇Ⲵࡋ᳨ウࢆ⾜ࡗ࡚࠸ࡿࠋᙼࡽࡣ ᪥㱋ࡢ㞤ࣛࢵࢺࢆ⏝࠸ࠊ⮬Ⓨ㐠ືཬ
ࡧᦤ㣗ไ㝈ࢆ㈇Ⲵࡀ㦵ሷ㔞%0&ࠊ㦵ᐦᗘ%0'ࠊᛶ࿘ᮇࠊ⾑୰࢚ࢫࢺࣟࢤࣥ⃰ᗘཬࡧࣞࣉ
ࢳࣥ⃰ᗘ࡟ཬࡰࡍᙳ㡪ࢆ᳨ウࡋࡓࠋࡇࡢሗ࿌࡛ࡣ 㐌㛫ࡢ࣮࣋ࢫࣛ࢖ࣥᮇ㛫ᚋࠊ㐌㛫ࡢ
௓ධᮇ㛫ᚋࠊᦤ㣗ไ㝈ࢆ㈇Ⲵࡋࡓ⩌࡟࠾࠸࡚ࠊ⾑୰࢚ࢫࢺࣟࢤࣥ⃰ᗘࠊࣞࣉࢳࣥ⃰ᗘࠊ㦵
ሷ㔞ࡀ᭷ព࡟ప್ࢆ♧ࡋࡓࡇ࡜ࢆሗ࿌ࡋࡓࠋࡋ࠿ࡋࠊ㦵ᐦᗘ࡟࠾࠸࡚ࡣࠊᦤ㣗ไ㝈⩌࡜ࢥ
ࣥࢺ࣮ࣟࣝ⩌ࡢ㛫࡟ᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ
ࡑࡇ࡛ᮏ◊✲ࡣࠊዪᛶ࢔ࢫ࣮ࣜࢺࡢ୕୺ᚩࡢ㦵⢒㧼⑕ࣔࢹࣝື≀ࡢ☜❧ࢆ┠ⓗ࡜ࡋ࡚ࠊ
⮬Ⓨ㐠ືཬࡧ࢚ࢿࣝࢠ࣮ไ㝈㈇Ⲵࡀ㦵ᐦᗘཬࡧᛶ࣍ࣝࣔࣥศἪ࡟ཬࡰࡍᙳ㡪ࢆ᳨ウࡋࡓࠋ
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㸰㸫㸰 ᐇ㦂᪉ἲ
౑⏝ື≀ཬࡧ㣫ᩱ⤌ᡂ
㐌㱋㞤ᛶ 6'ࣛࢵࢺ᪥ᮏ࢚ࢫ࢚ࣝࢩ࣮ᰴᘧ఍♫ࠊ6KL]XRND -DSDQࢆࠊ⮬Ⓨⓗ㉮㐠ື⩌
ࡲࡓࡣ㠀㐠ື⩌࡟⩌ศࡅࡋࠊ⮬⏤ᦤྲྀ࡛ 㐌㛫ࡢ㣫⫱ࢆ⾜ࡗࡓࠋ㐌㱋᫬Ⅼ࡟⮬Ⓨⓗ㉮㐠
ື⩌ࢆ࢚ࢿࣝࢠ࣮㠀ไ㝈⩌ཬ5&ࡧ࢚ࢿࣝࢠ࣮ไ㝈⩌55࡟⩌ศࡅࡋࡓࠋ㹬ᩘࡣࡑࢀࡒࢀࠊ
5& ⩌㸸Q ࠊ55 ⩌㸸Q ࠊ6(' ⩌㸸Q  ࡜ࡋࡓࠋ࢚ࢿࣝࢠ࣮ไ㝈⩌࡟ࡣࠊಶࠎࡢື≀ࡀᦤྲྀ
ࡋ࡚࠸ࡓ  㐌㛫ࡢᦤ㣗㔞ࡢᖹᆒ࡟ᑐࡋࠊ㸣࢚ࢿࣝࢠ࣮ไ㝈ࡢ㈇Ⲵࢆ⾜ࡗࡓࠋࡲࡓࠊ㠀㐠
ື⩌6('࡟ࡘ࠸࡚ࡣᐇ㦂㛤ጞ࠿ࡽ㣗䭱ࡣ⮬⏤ᦤྲྀ࡜ࡋࡓࠋ
㣫⫱⎔ቃ
ྛࣛࢵࢺࡣಶูࡢࢣ࣮ࢪ࡛㣫⫱ࡋࠊᐊ  sΥࠊ‵ᗘ s㸣ࠊ᫂ᮇ࣭ᬯᮇ࡜ࡶ࡟ 
᫬㛫ࡢࢧ࢖ࢡࣝ࡟ㄪ⠇ࡉࢀࡓ㒊ᒇ࡛㣫⫱ࡋࡓࠋ㣗䭱ᦤྲྀ㔞ཬࡧ㣧Ỉࡣࠊ࣮࣋ࢫࣛ࢖ࣥᮇ㛫
ࡣ⮬⏤ᦤྲྀ࡜ࡋࠊ࢚ࢿࣝࢠ࣮ไ㝈⩌ࡣ࢚ࢿࣝࢠ࣮ไ㝈㛤ጞ๓  㐌㛫ࡢ㣗䭱ᦤྲྀ㔞ࡢᖹᆒ࡟
ᑐࡋࠊ㸣ࡢ㣗䭱ไ㝈ࢆ㈇Ⲵࡋࡓࠋ
7DEOH  㣫ᩱ⤌ᡂ
AIN-93G AIN-93M
Corn starch 529.4 620.7
Casein milk 200.0 140.0
Sucrose 100.0 100.0
Corn oil 70.0 40.0
Cellulose 50.0 50.0
Mineral mixture1 35.0 35.0
Vitamin mixture (AIN-93-VX) 10.0 10.0
L-Cystine 3.0 1.8
Choline bitrate 2.5 2.5
Tert-butyhlhydroquione 0.014 0.008
Total (g) 1000 1000
g/kg diet
Diet
0LQHUDO PL[WXUH ࡣࠊ$,1* ࡟ࡣ $,1*0; ࢆࠊ$,10 ࡟ࡣ $,10; ࢆ⏝࠸ࡓࠋ
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య㔜ࠊᦤ㣗㔞ཬࡧ㉮⾜㊥㞳ࡢ ᐃ
ࣛࢵࢺࡢయ㔜࡜ᦤ㣗㔞ࡢ ᐃࡣࠊ࣮࣋ࢫࣛ࢖ࣥᮇ㛫ࡣ㐌࡟ 㹼ᅇࠊ௓ධᮇ㛫ࡣ㐌࡟ 㹼
ᅇ ᐃࡋࡓࠋ㉮⾜㊥㞳ࡣ㐌࡟ ᅇ ᐃࡋࡓࠋ㉮⾜㊥㞳ࡣᰴࢩࢼࣀ〇సᡤ〇7RN\R㸪-DSDQ
ࡢᅇ㌿ᘧ㐠ື㔞 ᐃჾᅇ㌿ࢣ࣮ࢪෆᑍ㸸:  PP ┤ᚄ  PP㸪ᅛᐃࢣ࣮ࢪ㸸 PP
PP+  PPࢆ⏝࠸࡚ ᐃࡋࡓ㈨ᩱ ࠋ
㈨ᩱ  ࣛࢵࢺ⏝ᅇ㌿ᘧ㐠ື㔞 ᐃჾ
኱䭇㦵㦵ᐦᗘཬࡧ㦵ሷ㔞ࡢゎᯒ
ྑ⬮኱䭇㦵ࡢ㦵ᐦᗘࡣࠊ'&6(;5㸦࢔ࣟ࢝ᰴᘧ఍♫ 7RN\R -DSDQ㸧ࢆ⏝࠸࡚ ';$ ἲ
࡟ࡼࡾ ᐃࡋࡓࠋ㦵ᐦᗘࡣࠊ㦵ሷ㔞ࢆ㠃✚࡛㝖ࡍࡿࡇ࡜࡟ࡼࡾ⟬ฟࡋࡓࠋゎᯒࡣࠊ㏆఩㒊ࠊ
㦵ᖿ㒊ࠊ㐲఩㒊࡟ ➼ศࡋ࡚⾜ࡗࡓࠋ
㦵ᙧែィ 
ᕥ኱䭇㦵㐲఩㒊ࢆ 㸣࢚ࢱࣀ࣮࡛ࣝᅛᐃࡋࠊ ȣP ࡢ㠀⬺⅊ษ∦ࢆసᡂᚋࠊ㓇▼㓟⪏ᛶ
㓟ᛶࣇ࢛ࢫࣇ࢓ࢱ࣮ࢮᰁⰍࢆ⾜ࡗࡓࠋᶆᮏࡢ஧ḟᾏ㠃㦵㒊ศࢆࠊගᏛ㢧ᚤ㙾࡟㐃ືࡋࡓ⏬
ീศᯒࢩࢫࢸ࣒࡟ࡼࡾィ ࡋࠊ༢఩㦵㔞㸦%979 ERQH YROXPHWLVVXH YROXPH㸧ࠊ㦵ᱱ 㸦ᩘ7E
1 WUDEHFXODU QXPEHU㸧ࠊ㦵ᱱᖜ㸦7E 7K WUDEHFXODU WKLFNQHVV㸧ࠊ㦵ᱱ㛫㝽㸦7E 6S
WUDEHFXODU VHSDUDWLRQ㸧ࠊ◚㦵⣽⬊ᩘ㸦2VWHRFODVW 1XPEHU7LVVXH YROXPH㸧ࠊ㦵ⱆ⣽⬊ᩘ
㸦2VWHREODVW QXPEHU7LVVXH YROXPH㸧ࠊ㢮㦵㠃㸦2VWHRLG 9ROXPH2VWHRLG 6XUIDFH㸧ࠊ㢮㦵
ᖜ㸦2VWHRLG 7KLFNQHVV㸧ࢆࡑࢀࡒࢀ⟬ฟࡋࡓࠋ
⾑୰ ș࢚ࢫࢺࣛࢪ࣮࢜ࣝ⃰ᗘࡢ ᐃ
⾑୰ ș࢚ࢫࢺࣛࢪ࣮࢜ࣝ⃰ᗘࢆ (/,6$ ἲ࡟ࡼࡿ࢟ࢵࢺࢆ⏝࠸࡚ ᐃࡋࡓ
㸦ș(VWUDGLRO (/,6$ .LW 72.,:$ &+(0,&$/ ,1'8675,(6 &2/7'㸧ࠋᢠཎ㓝⣲」ྜయ
⁐ᾮ w/ ࡟ᅛ┦ᢳฟ࡟ࡼࡿ⃰⦰ࢆ⾜ࡗࡓ⾑₢ࢆΰྜࡋࡓࠋᢠ (ࣔࣀࢡ࣮ࣟࢼࣝᢠయᅛ┦
໬ࣉ࣮ࣞࢺ࡟ࠊw/ ࡢᶆ‽⁐ᾮ࠾ࡼࡧ⾑₢⁐ᾮࢆศὀࡋᐊ ࡛  ศ㛫࢖࣮ࣥ࢟ࣗ࣋ࢺࡋ
ࡓࠋ࣐࢖ࢡࣟࣉ࣮ࣞࢺࢆὙίᚋࠊᇶ㉁⁐ᾮࢆຍ࠼ᐊ ࡛ ศ㛫࢖࣮ࣥ࢟ࣗ࣋ࢺࡋࡓᚋࠊ཯
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ᛂపヨᾮࢆຍ࠼࡚࣐࢖ࢡࣟࣉ࣮ࣞࢺ࣮ࣜࢲ࣮ࢆ⏝࠸ࠊQP ࡛ẚⰍᐃ㔞ࢆ⾜ࡗࡓ㸦073)$㸪
ࢥࣟࢼ㟁Ẽᰴᘧ఍♫㸪,EDUDNL -DSDQ㸧
⾑୰㯤యᙧᡂ࣍ࣝࣔࣥ⃰ᗘࡢ ᐃ
⾑୰㯤యᙧᡂ࣍ࣝࣔࣥ⃰ᗘࢆ (/,6$ ἲ࡟ࡼࡿ࢟ࢵࢺࢆ⏝࠸࡚ ᐃࡋࡓ㸦5RGHQW
/87(,1,=,1* +25021( /+ (/,6$ 7(67 (1'2&5,1( 7(&+12/2*,(6 ,1&㸧ࠋᢠ࣐࢘ࢫ࣏ࣜ
ࢡ࣮ࣟࢼࣝᢠయ࡛ࢥ࣮ࢸ࢕ࣥࢢࡉࢀࡓ࣐࢖ࢡࣟࣉ࣮ࣞࢺ࡟  ȣ/ࡢᶆ‽ᾮཬࡧ⾑₢ࠊ㓝⣲
⁐ᾮࢆຍ࠼ Υ࡛  ศ㛫࢖࣮ࣥ࢟ࣗ࣋ࢺࡋࡓࠋ࣐࢖ࢡࣟࣉ࣮ࣞࢺࢆὙίᚋࠊᇶ㉁⁐ᾮࢆ
ຍ࠼㐽ගୗᐊ ࡛ ศ㛫࢖࣮ࣥ࢟ࣗ࣋ࢺࡋࡓᚋࠊ཯ᛂ೵Ṇᾮࢆຍ࠼࡚࣐࢖ࢡࣟࣉ࣮ࣞࢺࣜ
࣮ࢲ࣮ࢆ⏝࠸ࠊQP ࡛ẚⰍᐃ㔞ࢆ⾜ࡗࡓ㸦073)$㸪ࢥࣟࢼ㟁Ẽᰴᘧ఍♫㸪,EDUDNL -DSDQ㸧ࠋ
⾑୰࢜ࢫࢸ࢜࢝ࣝࢩࣥ⃰ᗘࡢ ᐃ
⾑୰࢜ࢫࢸ࢜࢝ࣝࢩࣥ⃰ᗘࡣࠊ(/,6$ ἲ࡟ࡼࡿ࢟ࢵࢺࢆ⏝࠸࡚ ᐃࡋࡓ㸦5DW 2VWHRFDOFLQ
(/,6$NLW'6㸧ࠋᕼ㔘⏝ࣉ࣮ࣞࢺࢆ⏝࠸ w/ ࡢᕼ㔘⁐ᾮ࡟ w/ ࡢᶆ‽ᾮཬࡧ⾑₢ࢆຍ
࠼ΰྜࡋࡓࠋᢠࣛࢵࢺ࢜ࢫࢸ࢜࢝ࣝࢩࣥࣔࣀࢡ࣮ࣟࢼࣝᢠయ࡛ࢥ࣮ࢸ࢕ࣥࢢࡉࢀࡓ࣐࢖ࢡ
ࣟࣉ࣮ࣞࢺ࡟ᕼ㔘⁐ᾮ w/ ࢆศὀࡋࠊᶆ‽ᾮཬࡧ⾑₢ࡢㄪᩚ῭ࡳΰྜ⁐ᾮ w/ ࢆຍ࠼ࠊ
ᨩᢾᚋࠊ࢔࣑ࣝ࣍࢖ࣝ➼࡛ࣉ࣮ࣞࢺࢆそ࠸ࠊᐊ ࡛ ศ㛫㟼⨨ࡋࡓࠋ࣐࢖ࢡࣟࣉ࣮ࣞࢺࢆ
Ὑίᚋࠊᶆ㆑ᢠయࢆ w/ ຍ࠼ࠊᐊ ࡛ ศ㛫㟼⨨ࡋࡓࠋ෌ᗘὙίࡋࡓᚋࠊᇶ㉁⏝ᾮ 
w/ ࢆຍ࠼ࠊᐊ ࠊᬯᡤ࡛ṇ☜࡟  ศ㛫࢖࣮ࣥ࢟ࣗ࣋ࢺࡋࡓࠋ཯ᛂ೵Ṇᾮ w/ ࢆຍ࠼࡚
࣐࢖ࢡࣟࣉ࣮ࣞࢺ࣮ࣜࢲ࣮ࢆ⏝࠸ࠊ QP ࡛ẚⰍᐃ㔞ࢆ⾜ࡗࡓ㸦073)$㸪ࢥࣟࢼ㟁Ẽᰴ
ᘧ఍♫㸪,EDUDNL -DSDQ㸧ࠋ
⤫ィᏛⓗゎᯒ
య㔜ࠊᦤ㣗㔞ࠊ㉮⾜㊥㞳ࡢࢹ࣮ࢱࡣࠊ཯᚟ ᐃ࡟ࡼࡿศᩓศᯒࢆ⾜࠸ࠊ3RVW KRF WHVW ࡜
ࡋ࡚ )LVKHU ࡢ᭱ᑠ᭷ពᕪἲ࡟ࡼࡿከ㔜ẚ㍑ࢆ⾜ࡗࡓࠋ㦵ᙧែィ ࡢ᭷ពᕪ᳨ᐃࡣࠊ୍ඖ㓄
⨨ศᩓศᯒࡢᚋࠊ3RVW KRF WHVW ࡜ࡋ࡚ࠊ6FKHIIH̓V SRVW KRF WHVW 6WDW9LHZ  $EDFXV
&RQFHSWV㸧࡟ࡼࡿከ㔜ẚ㍑ࢆ⾜ࡗࡓࠋ㦵ᐦᗘࡢࢹ࣮ࢱࡣࠊయ㔜ࢆඹኚ㔞ᅉᏊ࡜ࡋ࡚⏝࠸ඹ
ኚ㔞ศᩓศᯒࢆ⾜ࡗࡓࠋ඲࡚ࡢ᳨ᐃ࡟࠾࠸࡚༴㝤⋡ࡀ 㸣ᮍ‶ࢆࡶࡗ࡚᭷ព࡜ࡋࡓࠋྛࢹ࣮
ࢱࡣᖹᆒ್sᶆ‽ㄗᕪ࡛⾲ࡋࡓࠋ
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㸰㸫㸱 ⤖ᯝ
)LJXUH  ࡟ࡣࠊヨ㦂ᮇ㛫୰ࡢయ㔜$ཬࡧᦤ㣗㔞%ࡢ⤒᫬ኚ໬ࢆ♧ࡋࡓࠋ࣮࣋ࢫࣛ࢖ࣥ
ᮇ㛫ࡢ 㐌ࠊ 㐌ࠊ 㐌㱋᫬࡟࠾ࡅࡿ 5&⩌ࡢయ㔜ࡣ 6(' ⩌࡜ẚ㍑ࡋ࡚᭷ព࡟㧗್ࢆ♧ࡋ
ࡓࠋ 㐌ࠊ 㐌㱋᫬ࡢ 6(' ⩌ࡣ 55 ⩌࡜ẚ㍑ࡋ࡚᭷ព࡟㧗್ࢆ♧ࡋࡓࠋ௓ධᮇ㛫ࡢ  㐌ࠊ
 㐌㱋᫬ࡢࠊ5& ⩌ࡣ 6(' ⩌࡜ẚ㍑ࡋ࡚᭷ព࡟㧗್ࢆ♧ࡋࡓࠋࡲࡓࠊ௓ධᮇ㛫᫬ࡢ 㸫
㐌㱋᫬࡟࠾࠸࡚ࠊ55⩌ࡣ 5&⩌ཬࡧ 6(' ⩌࡜ẚ㍑ࡋ࡚᭷ព࡟ప್ࢆ♧ࡋࡓࠋ ᦤ㣗㔞ࡣࠊ࣋
࣮ࢫࣛ࢖ࣥ᫬ࡢ 㐌ࠊ 㐌ࠊ 㐌ࠊ 㐌㱋᫬࡟࠾࠸࡚ 5&⩌ࡣ 6(' ⩌࡜ẚ㍑ࡋ࡚᭷ព࡟㧗
್ࢆ♧ࡋࠊ௓ධᮇ㛫ࡢ 㸫 㐌㱋࡟࠾࠸࡚ࡶ 5& ⩌ࡣ 6(' ⩌࡜ẚ㍑ࡋ࡚᭷ព࡟㧗್ࢆ♧ࡋ
ࡓࠋ୍᪉ࠊ࣮࣋ࢫࣛ࢖ࣥᮇ㛫୰ࠊ 㐌ࠊ 㐌ࠊ 㐌ࡢ 55 ⩌ࡣ 6(' ⩌࡜ẚ㍑ࡋ࡚᭷ព࡟㧗
್ࢆ♧ࡋࡓࠋࡲࡓࠊ௓ධᮇ㛫ࡢ 㸫 㐌㱋᫬ཬࡧ  㐌㱋᫬ࡢ 55 ⩌ࡣ 5& ⩌࡜ẚ㍑ࡋ࡚᭷
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)LJXUH  7LPH FRXUVH RI FKDQJH LQ $ ERG\ ZHLJKW DQG % IRRG LQWDNH GXULQJ WKH
H[SHULPHQWDO SHULRG LQ WKH ZKHHO UXQQLQJ ZLWK DG OLELWXPIHHGLQJ 5& JURXS ZKHHO
UXQQLQJ ZLWK UHVWULFWHGIHHGLQJ 55 JURXS DQG VHGHQWDU\ FRQWURO 6(' JURXS 9DOXHV
DUH JLYHQ DV PHDQV s 6' Q   IRU WKH 5& JURXS Q   IRU WKH 55 JURXS DQG Q  
 IRU WKH 6(' JURXS ͊ S   5& YV 6(' JURXS  S   5& YV 55 JURXS  S
  55 YV 6(' JURXS E\ RQHZD\ $129$ ZLWK UHSHDWHG PHDVXUHV RYHU WLPH
Weeks
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)LJXUH  ࡟ࡣ኱䭇㦵㦵ᐦᗘࡢ⤒᫬ኚ໬ࢆ♧ࡋࡓࠋ 㐌㱋᫬ࠊ 㐌㱋᫬࡟࠾࠸࡚  ⩌㛫࡟࠾
ࡅࡿ኱䭇㦵㦵ᐦᗘࡢᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋࡋ࠿ࡋࠊ 㐌㱋᫬࡟࠾࠸࡚ 55 ⩌ࡣ 5& ⩌ཬࡧ
6(' ⩌࡜ẚ㍑ࡋ࡚᭷ព࡟ప್ࢆ♧ࡋࡓࠋ
)LJXUH  7KH FKDQJH LQ WKH ERQH PLQHUDO GHQVLW\ RI WKH IHPXU ە UXQQLQJ DG
OLELWXPIHG5&JURXS܆UXQQLQJUHVWULFWHGIHG55JURXSDQG䕺 VHGHQWDU\
FRQWURO 6(' JURXS 㻏 6LJQLILFDQWO\ GLIIHUHQW IURP 5& JURXS㻘  6LJQLILFDQWO\ GLIIHUHQW
IURP 6(' JURXS S   E\ RQHZD\ $129$
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ࡣ 6(' ⩌ཬࡧ 55 ⩌࡜ẚ㍑ࡋ࡚᭷ព࡞ᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ
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)LJXUH  (IIHFWV RI HQHUJ\ UHVWULFWLRQ ZLWK YROXQWDU\ H[HUFLVH RQ %0' RI WKH IHPXU
$ ZKROH IHPXU % SUR[LPDO UHJLRQ & PLGGOH UHJLRQ DQG ' GLVWDO UHJLRQ 9DOXHV
DUH JLYHQ DV PHDQV s 6' Q   IRU WKH 5& JURXS Q   IRU WKH 55 JURXS DQG Q  
 IRU WKH 6(' JURXS 0HDQV ZLWK GLIIHUHQW OHWWHUV LQGLFDWH VLJQLILFDQWO\ GLIIHUHQW
YDOXHV DW S   2QHZD\ $129$
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ࠊ㏆఩㒊㹀ཬࡧ㐲఩㒊㹂
࡟ࡘ࠸࡚ 55 ⩌ࡣ 6(' ⩌ཬࡧ 5& ⩌࡜ẚ㍑ࡋ࡚᭷ព࡟ప್ࢆ♧ࡋࡓࠋྠ㒊఩࡟࠾ࡅࡿ 6(' ⩌
࡜ 5& ⩌ࡢ㛫࡟᭷ព࡞ᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ኱䭇㦵㦵ᖿ㒊&࡟࠾࠸࡚ࠊ55⩌ࡣ 5& ⩌࡜ẚ
㍑ࡋ࡚᭷ព࡟ప್ࢆ♧ࡋࡓࠋࡋ࠿ࡋࠊ6(' ⩌ࡣ 5& ⩌ཬࡧ 55 ⩌࡜ẚ㍑ࡋ࡚ㄆࡵࡽࢀ࡞࠿ࡗ
ࡓࠋࡇࢀࡽࡢ⤖ᯝࡣࠊ㦵ᐦᗘࡢ⤖ᯝ࡜࡯ࡰ୍⮴ࡋ࡚࠸ࡿࠋ
0
20
40
60
80
100
120
140
SED RC RR
0
10
20
30
40
50
60
70
80
90
SED RC RR
0
20
40
60
80
100
120
140
160
SED RC RR
0
50
100
150
200
250
300
350
SED RC RR
B
M
C
of
w
ho
le
fe
m
ur
B
M
C
of
pr
ox
im
al
fe
m
ur
B
M
C
of
M
id
dl
ef
em
ur
B
M
C
of
di
st
al
fe
m
ur
(mg)
(mg)(mg)
(mg)
a a b
a a b
a a ba ba,b
A B
C D
)LJXUH  (IIHFWV RI HQHUJ\ UHVWULFWLRQ ZLWK YROXQWDU\ H[HUFLVH RQ %0& RI WKH IHPXU
$ ZKROH IHPXU % SUR[LPDO UHJLRQ & PLGGOH UHJLRQ DQG ' GLVWDO UHJLRQ 9DOXHV
DUH JLYHQ DV PHDQV s 6' Q   IRU WKH 5& JURXS Q   IRU WKH 55 JURXS DQG Q  
 IRU WKH 6(' JURXS 0HDQV ZLWK GLIIHUHQW OHWWHUV LQGLFDWH VLJQLILFDQWO\ GLIIHUHQW
YDOXHV DW S   2QHZD\ $129$
21
)LJXUH  ࡟኱䭇㦵㦵㠃✚ࡢ⤖ᯝࢆ♧ࡋࡓࠋ኱䭇㦵඲య$࡟࠾࠸࡚ࠊ55⩌ࡣ 5& ⩌࡜ẚ㍑
ࡋ࡚᭷ព࡟ప್ࢆ♧ࡋࡓࠋ6('⩌ࡣ5&⩌ཬࡧ55⩌࡜ẚ㍑ࡋ࡚ᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋࡲࡓࠊ
୕㒊఩࡟࠾࠸࡚୕⩌㛫࡟᭷ព࡞ᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ
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)LJXUH  (IIHFWV RI HQHUJ\ UHVWULFWLRQ ZLWK YROXQWDU\ H[HUFLVH RQ ERQH DUHD RI WKH
IHPXU $ ZKROH IHPXU % SUR[LPDO UHJLRQ & PLGGOH UHJLRQ DQG ' GLVWDO UHJLRQ
9DOXHV DUH JLYHQ DV PHDQV s 6' Q   IRU WKH 5& JURXS Q   IRU WKH 55 JURXS DQG
Q   IRU WKH 6(' JURXS 0HDQV ZLWK GLIIHUHQW OHWWHUV LQGLFDWH VLJQLILFDQWO\ GLIIHUHQW
YDOXHV DW S   2QHZD\ $129$
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7DEOH  ࡟ࡣࠊᕥ኱䭇㦵㐲఩㒊࡟࠾ࡅࡿᙧែィ ࡢ⤖ᯝࢆ♧ࡋࡓࠋ55 ⩌࡟࠾ࡅࡿ༢఩㦵
㔞%979 ཬࡧ㦵ᱱᩘ7E1 1PPࡣࠊ6(' ⩌࡜ẚ㍑ࡋ࡚᭷ព࡟ప್ࢆ♧ࡋࡓࠋࡲࡓࠊ55
⩌࡟࠾ࡅࡿ㦵ᱱᖜ7E6SwPࡣࠊ6(' ⩌࡜ẚ㍑ࡋ࡚᭷ព࡟㧗್ࢆ♧ࡋࡓࠋ◚㦵⣽⬊ᩘ
12F79 1PPࡣ55⩌ࡀ6('⩌ཬࡧ55⩌࡜ẚ㍑ࡋ࡚᭷ព࡟ప್ࢆ♧ࡋࠊ㦵ⱆ⣽⬊12E79
1PP࡟ࡣኚ໬ࡀぢࡽࢀ࡞࠿ࡗࡓࠋ㢮㦵㔞2926wPࡣࠊ55 ⩌ࡀ 5& ⩌࡜ẚ㍑ࡋ࡚᭷ព࡟
㧗್ࢆ♧ࡋࡓࠋ㢮㦵ᖜ27KwPࡣࠊ55 ⩌ࡣ 6(' ⩌࡜ẚ㍑ࡋ࡚᭷ព࡟㧗್ࢆ♧ࡋࡓࠋ
7DEOH 㸬%RQH KLVWRPRUSKRPHWU\ RI FDQFHOORXV ERQH RI WKH GLVWDO IHPXU
Bone variable SED RC RR p value
BV/TV, % 24.9 㼼 2.3 20.6 㼼 4.7 13 .9 㼼 8 .3b < 0.05
Tb.N, N/mm 4.5 㼼 0.6 3.9 㼼 1.0 2 .5 㼼 1 .0b < 0.05
Tb.Sp, μm 169.8 㼼 28.2 220.2 㼼 80 .8 399 .2 㼼 202.4b < 0.05
N.Oc/TV, N/mm2 50.1 㼼 11 .6 34.8 㼼 12 .4 18 .8 㼼 2 .9 < 0.05
N.Ob/TV, N/mm2 38.2 㼼 5.7 38.3 㼼 22 .2 60 .2 㼼 45.3 NS
OV/OS, μ/m 2.8 㼼 0.1 3.0 㼼 0.3 3 .3 㼼 0 .4 < 0.05
O.Th, μ/m 2.7 㼼 0.1 3.0 㼼 0.3 3 .2 㼼 0 .4 < 0.05
a,ba
a a,b
aa,b
a a b
b
b
a,b
a,b
a
a
9DOXHV DUH JLYHQ DV PHDQV s 6' %979 ERQH YROXPHWRWDO YROXPH 7E1 WUDEHFXODU
QXPEHU 7E6S WUDEHFXODU VHSDUDWLRQ 12F79 2VWHRFODVW 1XPEHU7LVVXH YROXPH
12E79 2VWHREODVW QXPEHU7LVVXH YROXPH 2926 2VWHRLG 9ROXPH2VWHRLG 6XUIDFH
27K 2VWHRLG 7KLFNQHVV $OO YDULDEOHV DUH Q   IRU HDFK JURXS 0HDQV ZLWK GLIIHUHQW
OHWWHUV LQGLFDWH VLJQLILFDQWO\ GLIIHUHQW YDOXHV DW S   E\ RQHZD\ $129$
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)LJXUH  ࡟ࡣࠊ኱䭇㦵㐲఩㒊ࡢගᏛ㢧ᚤ㙾ࡢ ᐃ෗┿ࢆ♧ࡋࡓࠋ6(' ⩌$ࠊ5& ⩌%ࠊ55
⩌&ࡢ㡰࡟ᾏ⥥㦵ࡀῶᑡࡋ࡚࠸ࡿᵝᏊࡀࢃ࠿ࡿࠋ
)LJXUH  3KRWRPLFURJUDSK RI WKH GLVWDO IHPXU RI HDFK JURXS $ 6(' JURXS % 5&
JURXS & 55 JURXS 7KH 55 JURXS VKRZHG ORZHU WUDEHFXODU QXPEHUV DQG VLJQLILFDQWO\
LQFUHDVHGRVWHRLGVXUIDFHDUHDWKDQWKDWLQWKH6('JURXS6FDOHEDU wP
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7DEOH 㸬࡟ࡣࠊゎ๗᫬࡟࠾ࡅࡿ⾑୰ (⃰ᗘࠊ/+ ⃰ᗘࠊ࢜ࢫࢸ࢜࢝ࣝࢩࣥ⃰ᗘࡢ⤖ᯝࢆ♧
ࡋࡓࠋ⾑୰࢚ࢫࢺࣟࢤࣥ⃰ᗘ࡟࠾࠸࡚ࠊ55⩌ࡣࠊ5&⩌࡜ẚ㍑ࡋ࡚᭷ព࡟ప್ࢆ♧ࡋࡓࠋ/+
⃰ᗘࡣࠊ55⩌ࡣ 5& ⩌ཬࡧ 6(' ⩌࡜ẚ㍑ࡋ࡚᭷ព࡟ప್ࢆ♧ࡋࡓࠋࡲࡓࠊ࢜ࢫࢸ࢜࢝ࣝࢩࣥ
⃰ᗘࡣࠊ⩌㛫࡟࠾࠸࡚ᕪࡣぢࡽࢀ࡞࠿ࡗࡓࠋ
7DEOH  3ODVPD FRQFHQWUDWLRQV RI ( /+ DQG RVWHRFDOFLQ LQ UDWV
9DOXHV DUH JLYHQ DV PHDQV s 6' Q   IRU WKH 5& JURXS Q   IRU WKH 55 JURXS DQG
Q   IRU WKH 6(' JURXS 0HDQV ZLWK GLIIHUHQW OHWWHUV LQGLFDWH VLJQLILFDQWO\ GLIIHUHQW
YDOXHV DW S   E\ RQHZD\ $129$
SED RC RR p value
E2 (pg/mL) 46.3 ± 10.3 33.9 ± 6.3 33.6 ± 8.6 < 0.05
LH (ng/mL) 2.4 ± 1.4 2.2 ± 1.2 0.5 ± 0.4 < 0.05
OC (ng/mL) 57.1 ± 9.2 58.4 ± 3.0 55.7 ± 8.2 NS
a
baa
b
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࠾࠸࡚ࡶ 55⩌ࡣ 5& ⩌࡜ 6(' ⩌࡜ẚ㍑ࡋ࡚᭷ព࡟ప್ࢆ♧ࡋࡓ)LJXUH ࠋᮏ◊✲ࡢ 55⩌
ࡢ㦵ᐦᗘࡀప್ࢆ♧ࡋࡓࡢࡣࠊ㸫 㐌ࡢⱝ㱋ᮇࡢ⮬Ⓨ㐠ືࡀࡶࡓࡽࡍ㦵ᐦᗘቑຍࡢຠᯝࡀ
ᢚไࡉࢀࡓࡓࡵ࡛࠶ࡿྍ⬟ᛶࡀ⪃࠼ࡽࢀࡓࠋ࡞࠾ࠊᮏᐇ㦂ࡣ 㐌㱋࠿ࡽ 㐌㱋࡛ࡢ᳨ウ࡛
࠶ࡿࡀࣛࢵࢺࡢ᭱኱㦵㔞ࢆ⋓ᚓࡍࡿࣆ࣮ࢡ࣭࣮࣐࣎ࣥࢫࡣ⣙  ࢝᭶㱋࡛࠶ࡿࡇ࡜࠿ࡽ/L
;- HW DO  6FKDSLUD ' HW DO ࠊᮏヨ㦂ᮇ㛫୰ࡢࣛࢵࢺࡢ㦵ࡣᡂ㛗㐣⛬ࡢẁ
㝵࡟࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ㦵࡟ᑐࡍࡿ⮬Ⓨ㐠ືࡢຠᯝࡣ㐌㱋ࡢ㐍ࢇࡔᡂ⇍ᮇࡼࡾࡶⱝᑡᮇࡢ
᪉ࡀຠᯝࡀ⾲ࢀࡸࡍ࠸ࠋ+RO\ HW DOࡽࡣ 㐌㱋ࡢ㞤ࣛࢵࢺࢆ⏝࠸ࠊ⮬Ⓨ㐠ືࡢ㈇Ⲵࡀ 㐌
㛫௨ෆ࡟㦵ᐦᗘࡀୖ᪼ࡉࡏࡿ࡜ሗ࿌ࡋ࡚࠸ࡿࡇ࡜࠿ࡽࡶ+RO\ ; HW DO ࠊᮏᐇ㦂࡟
࠾ࡅࡿ  ⩌㛫ࡢ㦵ᐦᗘࡢᕪࡣࠊ㦵ᐦᗘࡢቑຍࢆᢚไࡋ࡚࠸ࡿࡇ࡜ࡀ⪃࠼ࡽࢀࡓࠋࡲࡓࠊ5&
⩌࡜ 6(' ⩌ࡢ㦵ᐦᗘ࡟ࡣᕪࡀㄆࡵࡽࢀ࡞࠿ࡗࡓࠋࡇࢀࡣᐇ㦂㛤ጞ᫬ࡢ㐌㱋ࡀ  㐌㱋࡛࠶ࡗ
ࡓࡓࡵࠊⱝ㱋ᮇࡢ⮬Ⓨ㐠ືࡢຠᯝࡀ⌧ࢀ࡞࠿ࡗࡓࡇ࡜ࠊࡉࡽ࡟ 5& ⩌ࡢ⾑୰ (ࣞ࣋ࣝࡀ 6('
⩌࡜ẚ㍑ࡋ࡚పୗഴྥ7DEOH ࡛࠶ࡗࡓࡇ࡜ࡀప㦵ᐦᗘ࡟㛵୚ࡋ࡚࠸ࡿྍ⬟ᛶࡀ⪃࠼ࡽࢀ
ࡓࠋࡋ࠿ࡋࠊ55 ⩌࡟࠾ࡅࡿ㦵ᐦᗘపୗࡣ 6(' ⩌࡟࠾ࡅࡿ㣗䭱ᦤྲྀ⩌ࢆタࡅ࡚࠸࡞࠿ࡗࡓࡇ
࡜࠿ࡽࠊ⮬Ⓨ㐠ື࡟ࡼࡿࡶࡢ࡞ࡢ࠿࠶ࡿ࠸ࡣ㣗䭱ไ㝈࡟ࡼࡿࡶࡢ࡞ࡢ࠿ࡣ᫂ࡽ࠿࡛ࡣ࡞࠸ࠋ
௒ᚋࠊ6(' ⩌࡟㣗䭱ไ㝈⩌ࢆ㈇Ⲵࡍࡿ⩌ࢆタࡅࡿࡇ࡜࡛㦵ᐦᗘࡢపୗࡢせᅉࡀ࠸ࡎࢀࡢᅉᏊ
࡞ࡢ࠿ࡀ᫂ࡽ࠿࡟࡞ࡿ࡜⪃࠼ࡽࢀࡿࠋ
኱䭇㦵㐲఩㒊࡟࠾ࡅࡿᙧែィ ࡟࠾࠸࡚ࠊ55⩌ࠊ5& ⩌࡜ࡢ㛫࡟ᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࡀࠊ
6(' ⩌࡜ẚ㍑ࡋ࡚㦵ࡀᝏ໬ࡋ࡚࠸ࡿࡇ࡜ࡀ♧ࡉࢀࡓ7DEOH ࠋ55 ⩌࡟࠾ࡅࡿ㦵㔞%979 
ཬࡧ㦵ᱱᩘ17Eࡣ 6(' ⩌࡜ẚ㍑ࡋ࡚᭷ព࡟ప್ࢆ♧ࡋࠊ㦵ᱱ㛫㝽7E 6Sࡣ 6(' ⩌࡜ẚ㍑
ࡋ࡚㧗್ࢆ♧ࡋࡓࠋࡲࡓࠊ55⩌࡟࠾ࡅࡿ◚㦵⣽⬊ᩘ12F79ࡣࠊ5& ⩌ࠊ6(' ⩌࡜ẚ㍑ࡋ࡚
᭷ព࡟ప࠸್ࢆ♧ࡋࠊ㦵ⱆ⣽⬊ᩘ12E79ࡣ 6(' ⩌ཬࡧ 5& ⩌࡜ẚ㍑ࡋ࡚ᕪࡣㄆࡵࡽࢀ࡞
࠿ࡗࡓࠋࡉࡽ࡟ 55⩌࡟࠾ࡅࡿ㢮㦵㠃2926ཬࡧ㢮㦵ᖜ297K࡟ࡘ࠸࡚ࡶࠊ55⩌ࡣ 6(' ⩌
࡜ẚ㍑ࡋ࡚᭷ព࡟㧗್ࢆ♧ࡋࡓࡇ࡜࠿ࡽࠊ55 ⩌ࡢ▼⅊໬ࡀ㐜ࢀ࡚࠸ࡿࡇ࡜ࡀ⪃࠼ࡽࢀࡓࠋ
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ࡇࢀࡽࡢ⤖ᯝࡣࠊ㣗䭱ไ㝈࠶ࡿ࠸ࡣ࢚ࢿࣝࢠ࣮ไ㝈ࡀ㦵ᵓ㐀ࡢᝏ໬ࢆㄏᑟࡋ▼⅊໬ࢆ㐜ࡽ
ࡏ࡚࠸ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ
ᙧែィ ࡢ⤖ᯝࡼࡾࠊ㦵ⱆ⣽⬊ᩘ12F79ࡢ⩌㛫ᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࡀࠊ㦵ᙧᡂ࣐࣮
࣮࡛࢝࠶ࡿ⾑୰࢜ࢫࢸ࢜࢝ࣝࢩࣥ⃰ᗘ࡟࠾࠸࡚ࡶ  ⩌㛫࡟࠾ࡅࡿᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓ
7DEOH ࠋ࢚ࢿࣝࢠ࣮ไ㝈ࡀ㦵௦ㅰཬࡧ⾑୰࢜ࢫࢸ࢜࢝ࣝࢩࣥ⃰ᗘ࡟ཬࡰࡍሗ࿌ࡣከᩘࡉ
ࢀ࡚࠸ࡿࠋ࢚ࢿࣝࢠ࣮ไ㝈࡟ࡼࡾ㦵ᙧᡂࢆᢚไࡋ⾑୰࢜ࢫࢸ࢜࢝ࣝࢩࣥ⃰ᗘࢆῶᑡࡉࡏࡓ
ࡇ࡜*ULQVSRRQ 6. HW DO  1GLD\H % HW DO  ࡀሗ࿌ࡉࢀ࡚࠸ࡿ୍᪉ࠊ࢚ࢿ
ࣝࢠ࣮ไ㝈࡟ࡼࡾ࢜ࢫࢸ࢜࢝ࣝࢩࣥ⃰ᗘࡀቑຍࡋࡓࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿ7DOERWW 60 HW
DO  5HFWRU 56 HW DO  +LQWRQ 36 HW DO ࠋᮏᐇ㦂࡛ࡣࡇࢀࡽࡢඛ
⾜◊✲࡜ࡣ␗࡞ࡿ⤖ᯝ࡛࠶ࡗࡓࡀࠊ㦵ⱆ⣽⬊ᩘࡢࡤࡽࡘࡁࡀ኱ࡁ࠸Ⅽࠊ࢚ࢿࣝࢠ࣮ไ㝈ཬ
ࡧ⮬Ⓨ㐠ືࡢᙳ㡪ࡣ᫂ࡽ࠿࡛ࡣ࡞࠸ࠋ
⏕Ṫ⣔ෆศἪࡢᣦᶆ࡛࠶ࡿ⾑୰ (⃰ᗘཬࡧ /+⃰ᗘࡣࠊ࢚ࢿࣝࢠ࣮ไ㝈࡜⮬Ⓨ㐠ື࡟ࡼࡾ
ᙳ㡪ࢆཬࡰࡋࡓ7DEOH ࠋᮏᐇ㦂࡟࠾ࡅࡿື≀ࡢゎ๗᫬ᮇࡣ⭼⭍᳨ᰝࢆ⾜࠸ࠊᛶ࿘ᮇࢆྜ
ࢃࡏ࡚⾜ࡗ࡚࠸ࡿࠋࣛࢵࢺࡢᛶ࿘ᮇࡣ࠾࠾ࡼࡑ 㸫᪥㛫࡛࿘ᮇࡀゼࢀࡿࡀⓎ᝟ᚋᮇཬࡧⓎ
᝟ఇṆᮇ࡟࠾ࡅࡿ (⃰ᗘࡸ /+ ⃰ᗘ࡟ࡘ࠸࡚ࡣኚືࡀᑡ࡞࠸ࡇ࡜࠿ࡽࠊᮏᐇ㦂ࡢゎ๗᫬ᮇࡣ
Ⓨ᝟ᚋᮇ࠶ࡿ࠸ࡣⓎ᝟ఇṆᮇ࡟⾜ࡗࡓࠋ55 ⩌ࡢ⾑୰ (⃰ᗘࡣ 6(' ⩌࡜ẚ㍑ࡋ࡚᭷ព࡟ప್
ࢆ♧ࡋࠊ/+⃰ᗘࡣ 5& ⩌ࠊ6(' ⩌࡜ẚ㍑ࡋ࡚᭷ព࡟ప್ࢆ♧ࡋࡓࠋ௨ୖࡢ⤖ᯝ࠿ࡽࠊ⮬Ⓨ㐠
ືཬࡧ࢚ࢿࣝࢠ࣮ไ㝈ࡀ (ࠊ/+ ⃰ᗘ࡟ᙳ㡪ࢆཬࡰࡍࡇ࡜ࡀ♧ࡉࢀࡓࠋࡇࡢ⤖ᯝࡣࠊどᗋୗ
㒊ୗᆶయ༸ᕢ+\SRWKDODPXVSLWXLWDU\RYDULDQ D[LV㍈ࢆ஘ࡋ࡚࠸ࡿྍ⬟ᛶࡀ⪃࠼ࡽࢀࠊ
55 ⩌࡟࠾ࡅࡿ㦵ᐦᗘࡀప್ࢆ♧ࡋࡓ⤖ᯝࢆ⿬௜ࡅࡿྍ⬟ᛶࡀ♧ࡉࢀࡓࠋ࢚ࢿࣝࢠ࣮ไ㝈࡜
⏕Ṫ⣔ෆศἪࡢ࣍ࣝࣔࣥᛂ⟅࡬ᙳ㡪ࢆ୚࠼ࡿሗ࿌ࡣከᩘ࡞ࡉࢀ࡚࠾ࡾࠊᮏᐇ㦂࡟࠾࠸࡚ࡶ
ඛ⾜◊✲ࡢࢹ࣮ࢱࢆᨭᣢࡍࡿ⤖ᯝ࡜࡞ࡗࡓࠋ
ࡉࡽ࡟ࠊᮏᐇ㦂ࡢ 55⩌ࡀ㦵ᐦᗘࡢప್ࢆ♧ࡋࡓࡢࡣࠊ࢚ࢿࣝࢠ࣮ไ㝈ཬࡧ⮬Ⓨ㐠ື㈇Ⲵ
࡟ຍ࠼ࠊ⾑୰ (⃰ᗘࡢపୗࡀ⪃࠼ࡽࢀࡓࡀࠊ⾑୰ (⃰ᗘࡢపୗࡣ⭠⟶࠿ࡽࡢ࢝ࣝࢩ࣒࢘྾
཰ࢆᢚไࡍࡿࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿ&LIXHQWHV 0 HW DO ࠋࡑࡢࡓࡵࠊᮏᐇ㦂ࡢ 55
⩌࡟࠾ࡅࡿ㦵ᐦᗘపୗࡣࠊ⮬Ⓨ㐠ືཬࡧ࢚ࢿࣝࢠ࣮ไ㝈࡟ຍ࠼ࠊ⾑୰ࡢ ( ⃰ᗘࡢపୗࡀ┤
᥋ⓗ࡟㦵࡟స⏝ࡋ࡚࠸ࡓࡇ࡜ࠊࡉࡽ࡟⭠⟶࠿ࡽࡢ࢝ࣝࢩ࣒࢘྾཰ࢆᢚไࡋࡓࡇ࡜ࡀ⪃࠼ࡽ
ࢀࡓࠋ
ᮏᐇ㦂࡛ࡣࠊ⮬Ⓨ㐠ືཬࡧ࢚ࢿࣝࢠ࣮ไ㝈ࡢ㈇Ⲵ࡟ࡼࡾ኱䭇㦵㏆఩㒊࡟࠾ࡅࡿ㦵ᐦᗘࡢ
పୗࢆㄏᑟࡋࡓࠋࡉࡽ࡟ࠊ⾑୰ ( ⃰ᗘࡀῶᑡࡋࡓࡇ࡜࠿ࡽࠊ⮬Ⓨ㐠ືཬࡧ࢚ࢿࣝࢠ࣮ไ㝈
ㄏⓎᛶ㦵ᐦᗘపୗ࡟ᐤ୚ࡋࡓྍ⬟ᛶࡀ⪃࠼ࡽࢀࡓࠋ࡞࠾ࠊᮏᐇ㦂ࡣ 7KH -RXUQDO RI 3K\VLFDO
)LWQHVV DQG 6SRUWV 0HGLFLQH S ࡟ᥖ㍕ࡉࢀࡓࠋ
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➨㸱❶ ኱㇋࢖ࢯࣇࣛ࣎ࣥᦤྲྀࡀ⮬Ⓨ㐠ືཬࡧ࢚ࢿࣝࢠ࣮ไ㝈ㄏⓎᛶࠊ㦵ᐦᗘపୗ࡟ཬ
ࡰࡍຠᯝ
㸱㸫㸯㸬⥴ゝ
᳨ウㄢ㢟  ࡛ࡣࠊዪᛶ࢔ࢫ࣮ࣜࢺࡢ㦵⢒㧼⑕ࣔࢹࣝື≀ࢆ☜❧ࡍࡿࡓࡵࠊ⮬Ⓨ㐠ືཬࡧ
㸣࢚ࢿࣝࢠ࣮ไ㝈㈇Ⲵࡀࣛࢵࢺ኱䭇㦵㦵ᐦᗘࠊ⾑୰ (ཬࡧ /+ ⃰ᗘ࡟ཬࡰࡍᙳ㡪ࢆ᳨ウࡋ
ࡓࠋࡑࡢ⤖ᯝࠊ㦵ᐦᗘపୗࢆㄏᑟࡋࠊ⾑୰ (⃰ᗘཬࡧ⾑୰ /+ ⃰ᗘࡀ᭷ព࡟ప್ࢆ♧ࡋࡓࠋ
᳨ウㄢ㢟  ࡢ⤖ᯝࡼࡾࠊ⮬Ⓨ㐠ືཬࡧ 㸣࢚ࢿࣝࢠ࣮ไ㝈ࡣ㦵ᐦᗘపୗࢆㄏᑟࡍࡿࡇ࡜ࠊ
ࡉࡽ࡟㦵ᐦᗘపୗ࡟ప (⃰ᗘࡀᐤ୚ࡋ࡚࠸ࡿྍ⬟ᛶࡀ⪃࠼ࡽࢀࡓࠋ
ື≀ࢆ⏝࠸኱㇋࢖ࢯࣇࣛ࣎ࣥᦤྲྀࡀ㦵௦ㅰ࡟୚࠼ࡿᙳ㡪ࢆ᳨ウࡋࡓሗ࿌ࡣከᩘ࡞ࡉࢀ࡚
࠾ࡾࠊ༸ᕢ᦬ฟࣔࢹࣝື≀ࢆ⏝࠸ࠊప࢚ࢫࢺࣟࢤࣥࣞ࣋ࣝ᫬ࡢ㦵㔞ῶᑡ࡟࠾࠸࡚ᣕᢠⓗ࡟
స⏝ࡍࡿ࠿ྰ࠿ࡀ᳨ドࡉࢀ࡚࠸ࡿ,VKLGD + HW DO  )DQWL 3 HW DO ,VKLPL
< HW DO  ,VKLPL < HW DO ࠋ኱㇋ࡸ኱㇋〇ရ࡟ྵࡲࡿ࢖ࢯࣇࣛ࣎ࣥࡣ ✀
㢮▱ࡽࢀ࡚࠸ࡿࡀࠊ✀㢮࡟ࡼࡾ⏕⌮άᛶࡀ␗࡞ࡿࠋࡲࡓࠊ㦵ࡣ (5șࡀ᭷ព࡛࠶ࡿⅭࠊ(5ș
࡟ᑐࡋ࡚ぶ࿴ᛶࡢ㧗࠸࢖ࢯࣇ࡛ࣛ࣎ࣥ࠶ࡿࢤࢽࢫࢸ࢖ࣥࡸࢲ࢖ࢮ࢖ࣥࡢຠᯝࢆ♧ࡋࡓሗ࿌
ࡀከᩘ࡞ࡉࢀ࡚࠸ࡿ,VKLPL < HW DO  .RPUDNRYD 0 HW DO  6RPMHQ ' HW DO
 3LFKHULW & HW DO ࠋ
༸ᕢ᦬ฟࣔࢹࣝື≀ࢆ⏝࠸ࠊ㦵㔞ῶᑡ࡟ᑐࡋᣕᢠⓗ࡟ാࡃ࠿ྰ࠿ࢆ᳨ウࡋࡓሗ࿌࡟࠾ࡅ
ࡿࢤࢽࢫࢸ࢖ࣥᢞ୚㔞ࡣࠊ㣫ᩱྵ᭷㔞ࡀ⣙ ZZࡢ⠊ᅖෆ᳨࡛ウࡉࢀ࡚࠾ࡾࠊ๻
ⓗ࡞ຠᯝࡀぢࡽࢀ࡞࠸ሗ࿌ࡀ୍㒊࠶ࡿࡶࡢࡢࠊ㦵㔞ῶᑡᢚไຠᯝࡀ♧ࡉࢀ࡚࠸ࡿ<DQ =KDQJ
HW DO  6HKPLVFK 6 HW DO  4LQJ 0LDR HW DO ࠋࡲࡓࠊ㓄⢾యࡸ࢔
ࢢࣜࢥࣥࢆྵࡵࡓ」ᩘࡢ࢖ࢯࣇࣛ࣎ࣥࡀΰྜࡉࢀࡓ⢊ᮎ࡛࠶ࡿ )XMLIODYRQH3ࡸ
1RYDVR\ࡣ⣙࢖ࢯࣇࣛ࣎ࣥࡀྵࡲࢀ࡚࠸ࡿࡀࠊ࢖ࢯࣇࣛ࣎ࣥྵ᭷㔞ࡀ㣫ᩱ࡟ᑐࡋ⣙㸣
ZZࡢᦤྲྀ࡛㦵ᐦᗘ࡟ຠᯝࡀ⾲ࢀ࡚࠸ࡿ<DQ =KDQJ HW DO  :X -LDQ HW DO ࠋ
ࡉࡽ࡟ࠊ)DQWL 3ࡽࡣࠊ༸ᕢ᦬ฟࣔࢹࣝື≀࡟࠾ࡅࡿࢤࢽࢫࢸ࢖ࣥࡢᢞ୚㔞࡟ࡘ࠸࡚ࠊ
⓶ୗᢞ୚࡛ࡢ᳨ウࢆ⾜ࡗ࡚࠾ࡾ wJEZ ࡛ࡣຠᯝࡀ⾲ࢀ࡞࠸ࡀ ࠊwJEZ ࡛ຠᯝࢆ♧ࡍ
࡜ሗ࿌ࡋ࡚࠸ࡿ)DQWL 3 HW DO ࠋ
࢖ࢯࣇࣛ࣎ࣥࡢ㦵௦ㅰ࡬ࡢᙳ㡪ࢆ᳨ウࡋࡓሗ࿌ࡣࠊ༸ᕢ᦬ฟࣔࢹࣝື≀ࢆ⏝࠸ࡓ᳨ウࡢ
࡯࠿ࠊ⢭ᕢ᦬ฟࣔࢹࣝື≀࠶ࡿ࠸ࡣᑿ㒊ᠱᆶࣔࢹࣝື≀᳨࡛ウࡉࢀ࡚࠸ࡿ,VKLPL < HW DO
ࠋࡋ࠿ࡋࠊ㐠ືཬࡧ࢚ࢿࣝࢠ࣮ไ㝈ࡀᘬࡁ㉳ࡇࡍ㦵ᐦᗘపୗ࡬ࡢᙳ㡪ࢆ᳨ウࡋࡓሗ࿌
ࡣ࡞ࡉࢀ࡚࠸࡞࠸ࠋࡑࡇ࡛ࠊᮏ᳨ウㄢ㢟࡛ࡣ᳨ウㄢ㢟  ࡛ᘬࡁ㉳ࡇࡋࡓ㦵ᐦᗘపୗࣔࢹࣝ
ື≀ࡢ㦵࠶ࡿ࠸ࡣᛶ࡛࣍ࣝࣔࣥ࠶ࡿࠊ⾑୰࢚ࢫࢺࣟࢤࣥ⃰ᗘࡸ㯤యᙧᡂ࣍ࣝࣔࣥ࡟ᑐࡋࠊ
኱㇋࢖ࢯࣇࣛ࣎ࣥᦤྲྀࡀ࡝ࡢࡼ࠺࡞ᙳ㡪ࢆཬࡰࡍࡢ࠿ࢆ᳨ウࡍࡿࡇ࡜࡜ࡋࡓࠋ
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㸱㸫㸰㸬ᐇ㦂᪉ἲ
኱㇋࢖ࢯࣇࣛ࣎ࣥᦤྲྀࡀ⮬Ⓨⓗ㉮㐠ືཬࡧ࢚ࢿࣝࢠ࣮ไ㝈ㄏⓎᛶࠊ㦵㔞ῶᑡ࡟ཬࡰࡍᙳ㡪
౑⏝ື≀ཬࡧ㣫ᩱ⤌ᡂ
㐌㱋㞤ᛶ 6'ࣛࢵࢺ᪥ᮏ࢚ࢫ࢚ࣝࢩ࣮ᰴᘧ఍♫ࠊ6KL]XRND -DSDQࢆࠊ⮬Ⓨ㐠ື⩌ࡲࡓ
ࡣ㠀㐠ື⩌࡟⩌ศࡅࡋࡓࠋ࣮࣋ࢫࣛ࢖ࣥᮇ㛫࡟࠾ࡅࡿ㣫ᩱࡣࠊ$,1* ࢆ⏝࠸ࠊ௓ධᮇ㛫ࡣࠊ
$,10 ࢆ⏝࠸ࡓࠋ኱㇋࢖ࢯࣇࣛ࣎ࣥῧຍ㣗࡟ࡘ࠸࡚ࡣࠊ$,10 ⤌ᡂࢆᇶ࡟ࠊ㸣ZZ
ࡢ኱㇋࢖ࢯࣇࣛ࣎ࣥ⢊ᮎࣇࢪࣇࣛ࣎ࣥ 3㸪ࣇࢪࢵࢥᰴᘧ఍♫㸪.REH㸪-DSDQ㸪7DEOH 
ࢆῧຍࡋࡓࠋࡲࡓࠊ$,1* ཬࡧ $,10 ࡟࠾ࡅࡿヨᩱ୰ࡢ኱㇋Ἔࢆࢥ࣮ࣥἜ࡟⨨᥮ࡋ࡚⏝
࠸ࡓࠋ඲࡚ࡢヨ㦂⩌ࡣࠊ⮬⏤ᦤ㣗࡛ 㐌㛫㣫⫱ࡋࠊ㐌㱋᫬࡟య㔜࡟ᇶ࡙ࡁ⮬Ⓨ㐠ື⩌ࢆࠊ
⮬⏤ᦤ㣗⩌5& ⩌ࠊ㸣㣗䭱ไ㝈⩌55 ⩌ࠊ㸣㣗䭱ไ㝈࡟ 㸣኱㇋࢖ࢯࣇࣛ࣎ࣥ⢊ᮎ
ῧຍ㣗⩌55,VR࡟ศࡅࡓࠋ㹬ᩘࡣࡑࢀࡒࢀࠊ5&⩌㸸Q ࠊ55 ⩌㸸Q ࠊ55,VR ⩌㸸Q  ࡜
ࡋࡓࠋ࢚ࢿࣝࢠ࣮ไ㝈⩌ࡣࠊ࢚ࢿࣝࢠ࣮ไ㝈㛤ጞࡼࡾ 㐌㛫๓ࡢ㣗䭱ᦤྲྀ㔞ࡢᖹᆒ࡟ᑐࡋࠊ
㸣ࡢ㣗䭱ไ㝈ࢆ㈇Ⲵࡋࡓࠋ
7DEOH  ⩌ศࡅ
⮬Ⓨ㐠ືࡢ᭷↓ 㣗䭱ไ㝈ࡢ᭷↓ ヨᩱ
RC group ࠶ࡾ ࡞ࡋ $,1*ᑐ↷㣗
RR group ࠶ࡾ ࠶ࡾ $,1*ᑐ↷㣗
RR+Iso group ࠶ࡾ ࠶ࡾ ࣇࢪࣇࣛ࣎ࣥ㣗
Baseline period
10-wks
Restricted period
18-wks
18 week of age8 week of age 32 week of age
Voluntary wheel running 30%dietary restriction
Dietary restriction was started
)LJXUH  ᐇ㦂ࣉࣟࢺࢥࣝ
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㣫⫱⎔ቃ
ྛࣛࢵࢺࡣಶูࡢࢣ࣮ࢪ࡛㣫⫱ࡋࠊᐊ  sΥࠊ‵ᗘ s㸣ࠊ᫂ᮇ࣭ᬯᮇ࡜ࡶ࡟ 
᫬㛫ࡢࢧ࢖ࢡࣝ࡟ㄪ⠇ࡉࢀࡓ㒊ᒇ࡛㣫⫱ࡋࡓࠋ࣮࣋ࢫࣛ࢖ࣥ࡟࠾ࡅࡿ⮬Ⓨ㐠ື⩌ࠊ㠀㐠ື
⩌࡟ࡘ࠸࡚ࡣࠊ㣗䭱ᦤྲྀཬࡧ㣧Ỉࡣ඲࡚ࡢ⩌࡟࠾࠸࡚⮬⏤ᦤྲྀ࡜ࡋࡓࠋ
7DEOH  ヨᩱ⤌ᡂ
Ingredient AIN-93G AIN-93M
0.5%
Isoflavone
contained
diet
Cornstarch 529.4 620.7 620.7
Casein 200 140.0 140.0
Sucrose 100 100.0 95.0
Corn oil 70 40.0 40.0
Cellulose 50 50.0 50.0
Mineral mix1 35 35.0 35.0
Vitamin mix (AIN-93-VX) 10 10.0 10.0
L-Cystine 3 1.8 1.8
Choline bitartrate 2.5 2.5 2.5
Tert-butyhlhydroquione 0.14 0.008 0.008
Fujiflavone (P40*) 䠉 䠉 5.0
1000 1000 1000
g/kg diet
Diet
0LQHUDO PL[WXUH ࡣࠊ$,1* ࡟ࡣ $,1*0; ࢆࠊ$,10 ࡟ࡣ $,10; ࢆ⏝࠸ࡓࠋ
)XMLIXODYRQH 3 ,VRIODYRQH  FRQWHQW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7DEOH  ,VRIODYRQH FRQVWLWXHQWV LQ )XMLIODYRQH 3
Content, % [w/w]
Daidzin 22.48
Glycitin 14.00
Genistin 5.47
6"-O -Malonyldaizin 0.22
6"-O -Malonylglycitin 0.19
6"-O -Malonylgenistin 0.00
6"-O -Acetyldaidzin 2.26
6"-O -Acetylglycitin 1.30
6"-O -Acetylgenistin 0.67
Daidzain 0.26
Glycitain 0.51
Genistein 0.07
Total isoflavone 47.34
(aglycone equivalent) 29.52
య㔜ࠊᦤ㣗㔞ཬࡧ㉮⾜㊥㞳ࡢ ᐃ
ࣛࢵࢺࡢయ㔜࡜ᦤ㣗㔞ࡢ ᐃࡣࠊ࣮࣋ࢫࣛ࢖ࣥᮇ㛫ࡣ㐌࡟ 㹼ᅇࠊ௓ධᮇ㛫ࡣ㐌࡟ 㹼
ᅇ ᐃࡋࡓࠋ㉮⾜㊥㞳ࡣᅇ㌿ᘧ㐠ື㔞 ᐃჾᰴᘧ఍♫ࢩࢼࣀ〇సᡤ 7RN\R -DSDQࢆ⏝
࠸ࠊ㐌࡟ ᅇ ᐃࡋࡓࠋ
኱䭇㦵㦵ᐦᗘཬࡧ㦵ሷ㔞ࡢゎᯒ
ྑ⬮኱䭇㦵ࡢ㦵ᐦᗘࡣࠊ'&6(;5㸦࢔ࣟ࢝ᰴᘧ఍♫ 7RN\R -DSDQ㸧ࢆ⏝࠸࡚ ';$ ἲ
࡟ࡼࡾ ᐃࡋࡓࠋ㦵ᐦᗘࡣࠊ㦵ሷ㔞ࢆ㠃✚࡛㝖ࡍࡿࡇ࡜࡟ࡼࡾ⟬ฟࡋࡓࠋゎᯒࡣࠊ㏆఩㒊ࠊ
㦵ᖿ㒊ࠊ㐲఩㒊࡟ ➼ศࡋ࡚⾜ࡗࡓࠋ
⾑୰࢚ࢫࢺࣛࢪ࣮࢜ࣝ⃰ᗘ
⾑୰ࡢ࢚ࢫࢺࣛࢪ࣮࢜ࣝ⃰ᗘࢆ (/,6$ ἲ࡟ࡼࡿ࢟ࢵࢺࢆ⏝࠸࡚ ᐃࡋࡓ(VWUDGLRO
VHQVLWLYH(/,6$'5*,QWHUQDWLRQDO,QF86$ࠋ⾑₢ w/ ࢆ P/ ࡢࢪ࢚ࢳ࢚࣮ࣝࢸ
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࡛ࣝΰྜࡋࡓᚋࠊ ศ㛫ࡢ㐲ᚰศ㞳 Jࡋࡓࡢࡕ㸫Υ࡛෾⤖ࡉࡏࠊୖ⃈ࡳࢆ࢚࣮ࢸ
ࣝ⏬ศ࡜ࡋࡓࠋࡑࡢᚋࠊᐊ ࡛⣙ w/ ࡲ࡛஝ᅛࡋࠊw/ ࡢ࢚࣮ࢸ࡛ࣝ෌⁐ゎᚋࠊ⣙ w/
ࡲ࡛஝ᅛࡋࡓࠋw/ ࡢ 6WHURLGIUHHKXPDQVHUXP ࢆຍ࠼ࠊ⾑₢࢚ࢫࢺࣛࢪ࣮࢜ࣝᢳฟᾮ࡜
ࡋࡓࠋᢠ࢚ࢫࢺࣛࢪ࣮࢜ࣝᢠయ࡛ࢥ࣮ࢸ࢕ࣥࢢࡉࢀࡓ࣐࢖ࢡࣟࣉ࣮ࣞࢺ࡟ w/ ࡢᶆ‽ᾮ
ཬࡧ⾑₢࢚ࢫࢺࣛࢪ࣮࢜ࣝᢳฟᾮࠊࢥࣥࢺ࣮ࣟࣝ⁐ᾮࢆຍ࠼ࠊw/ ࡢ㓝⣲⁐ᾮࢆศὀࡋࡓࠋ
 ⛊㛫ΰྜࡋࠊᐊ ࡛  ᫬㛫࢖࣮ࣥ࢟ࣗ࣋ࢺࡋࡓࠋ࣐࢖ࢡࣟࣉ࣮ࣞࢺࢆὙίᚋࠊw/ ࡢ
ᇶ㉁⁐ᾮࢆຍ࠼ᐊ ࡛ ศ㛫࢖࣮ࣥ࢟ࣗ࣋ࢺࡋࡓᚋࠊ཯ᛂ೵Ṇᾮࢆຍ࠼࡚࣐࢖ࢡࣟࣉ࣮ࣞ
ࢺ࣮ࣜࢲ࣮ࢆ⏝࠸ࠊPQ ࡛ẚⰍᐃ㔞ࢆ⾜ࡗࡓ㸦073)$㸪ࢥࣟࢼ㟁Ẽᰴᘧ఍♫㸪,EDUDNL
-DSDQ㸧ࠋ
⾑୰㯤యᙧᡂ࣍ࣝࣔࣥ⃰ᗘࡢ ᐃ
⾑୰㯤యᙧᡂ࣍ࣝࣔࣥ⃰ᗘࢆ (/,6$ ἲ࡟ࡼࡿ࢟ࢵࢺࢆ⏝࠸࡚ ᐃࡋࡓ㸦5RGHQW
/87(,1,=,1* +25021( /+ (/,6$ 7(67 (1'2&5,1( 7(&+12/2*,(6 ,1&㸧ࠋᢠ࣐࢘ࢫ࣏ࣜ
ࢡ࣮ࣟࢼࣝᢠయ࡛ࢥ࣮ࢸ࢕ࣥࢢࡉࢀࡓ࣐࢖ࢡࣟࣉ࣮ࣞࢺ࡟  ȣ/ࡢᶆ‽ᾮཬࡧ⾑₢ࠊ㓝⣲
⁐ᾮࢆຍ࠼ Υ࡛  ศ㛫࢖࣮ࣥ࢟ࣗ࣋ࢺࡋࡓࠋ࣐࢖ࢡࣟࣉ࣮ࣞࢺࢆὙίᚋࠊᇶ㉁⁐ᾮࢆ
ຍ࠼㐽ගୗᐊ ࡛ ศ㛫࢖࣮ࣥ࢟ࣗ࣋ࢺࡋࡓᚋࠊ཯ᛂ೵Ṇᾮࢆຍ࠼࡚࣐࢖ࢡࣟࣉ࣮ࣞࢺࣜ
࣮ࢲ࣮ࢆ⏝࠸ࠊQP ࡛ẚⰍᐃ㔞ࢆ⾜ࡗࡓ㸦073)$㸪ࢥࣟࢼ㟁Ẽᰴᘧ఍♫㸪,EDUDNL -DSDQ㸧ࠋ
⤫ィᏛⓗゎᯒ
య㔜ࠊᦤ㣗㔞ࠊ㉮⾜㊥㞳ࡢࢹ࣮ࢱࡣࠊ཯᚟ ᐃ࡟ࡼࡿศᩓศᯒࢆ⾜࠸ࠊ㻼㼛㼟㼠 㼔㼛㼏 㼠㼑㼟㼠 䛸䛧
䛶䚸㻲㼕㼟㼔㼑㼞 䛾᭱ᑠ᭷ពᕪἲ䛻䜘䜛ከ㔜ẚ㍑䜢⾜䛳䛯䚹㦵ᙧែィ 䛾᭷ពᕪ᳨ᐃࡣࠊ୍ඖ㓄⨨ศ
ᩓศᯒࡢᚋࠊ㻼㼛㼟㼠 㼔㼛㼏 㼠㼑㼟㼠 䛸䛧䛶 7XNH\̓V KRQHVWO\ VLJQLILFDQW GLIIHUHQFH WHVW6366㸧
࡟ࡼࡿከ㔜ẚ㍑ࢆ⾜ࡗࡓࠋ㦵ᐦᗘࠊ㦵ሷ㔞ࡢࢹ࣮ࢱࡣࠊ㐠ື࡜㣗䭱ࡢ஧せᅉ࡜ࡑࡢ஺஫せ
ᅉ࡟ࡼࡿ஧ඖ㓄⨨ศᩓศᯒࢆ⾜ࡗࡓᚋ࡟ࠊ㻼㼛㼟㼠 㼔㼛㼏 㼠㼑㼟㼠 䛸䛧䛶䚸㻲㼕㼟㼔㼑㼞 䛾᭱ᑠ᭷ពᕪἲ䛻䜘䜛
ከ㔜ẚ㍑䜢⾜䛳䛯䚹඲䛶䛾᳨ᐃ䛻䛚䛔䛶༴㝤⋡䛜 㻡䠂ᮍ‶䜢䜒䛳䛶᭷ព䛸䛧䛯䚹ྛࢹ࣮ࢱࡣᖹᆒ
್sᶆ‽ㄗᕪ࡛⾲ࡋࡓࠋ
㦵ᙧែィ 
ᕥ኱䭇㦵㐲఩㒊ࢆ 㸣࢚ࢱࣀ࣮࡛ࣝᅛᐃࡋࠊ ȣP ࡢ㠀⬺⅊ษ∦ࢆసᡂᚋࠊ㓇▼㓟⪏ᛶ
㓟ᛶࣇ࢛ࢫࣇ࢓ࢱ࣮ᰁⰍࢆ⾜ࡗࡓࠋᶆᮏࡢ஧ḟᾏ㠃㦵㒊ศࢆࠊගᏛ㢧ᚤ㙾࡟㐃ືࡋࡓ⏬ീ
ศᯒࢩࢫࢸ࣒࡟ࡼࡾィ ࡋࠊ༢఩㦵㔞㸦%979 ERQH YROXPHWLVVXH YROXPH㸧ࠊ㦵ᱱᖜ㸦7E
7K WUDEHFXODU WKLFNQHVV㸧ࠊ㢮㦵㠃㸦29%6 2VWHRLG 9ROXPH%RQH 6XUIDFH㸧ࠊ㦵ⱆ⣽⬊
ᩘ㸦2E%6 2VWHREODVW%RQH 6XUIDFH㸧ࠊ㦵ⱆ⣽⬊㸦12E%6 2VWHREODVW QXPEHU%RQH
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6XUIDFH㸧ࠊ◚㦵⣽⬊ᩘ㸦12E%6 2VWHRFODVW 1XPEHU7LVVXH YROXPH㸧ࠊ▼⅊໬㏿ᗘ0$5
0LQHUDO $EVRUSWLRQ 5DWHࠊ㦵ᙧᡂ㏿ᗘ%)5%6 %RQH )RUPDWLRQ 5DWH%RQH 6XUIDFHࠊ
㦵ᙧᡂ㏿ᗘ%)5%9 %RQH )RUPDWLRQ 5DWH%RQH YROXPHࠊ㦵ᙧᡂ㏿ᗘ%)579 %RQH
)RUPDWLRQ 5DWH7LVVXH 9ROXPHࠊ㦵ᱱᩘ㸦7E 1 WUDEHFXODU QXPEHU㸧ࠊ㦵ᱱ㛫㝽㸦7E 6S
WUDEHFXODU VHSDUDWLRQ㸧ࢆࡑࢀࡒࢀ⟬ฟࡋࡓࠋ
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㸱㸫㸱㸬⤖ᯝ
)LJXUH  ࡟ࡣࠊヨ㦂ᮇ㛫୰ࡢయ㔜$ཬࡧᦤ㣗㔞%ࡢ⤒᫬ኚ໬ࢆ♧ࡋࡓࠋ௓ධᮇ㛫୰ 
㸫 㐌㱋࡟࠾ࡅࡿ 55⩌ཬࡧ 55,VR ⩌ࡢయ㔜ࡣࠊ5&⩌࡜ẚ㍑ࡋ࡚᭷ព࡟ప್ࢆ♧ࡋࡓࠋࡲ
ࡓࠊ௓ධᮇ㛫୰ࡢᦤ㣗㔞࡟ࡘ࠸࡚ 㸫 㐌㱋᫬ࡢ 55⩌ཬࡧ 55,VR ⩌ࡣࠊ5& ⩌࡜ẚ㍑ࡋ࡚
᭷ព࡟ప್ࢆ♧ࡓࠋ
)LJXUH  7LPH FRXUVH RI FKDQJH LQ $ ERG\ ZHLJKW DQG % IRRG LQWDNH GXULQJ WKH
H[SHULPHQWDO SHULRG LQ WKH ZKHHO UXQQLQJ ZLWK DG OLELWXPIHHGLQJ 5& JURXS ZKHHO
UXQQLQJ ZLWK UHVWULFWHGIHHGLQJ 55 JURXS DQG UXQQLQJ ZLWK
UHVWULFWLRQLVRIODYRQHIHHGLQJ 55,VR JURXS 9DOXHV DUH JLYHQ DV PHDQV s 6' Q
  IRU WKH 5& JURXS Q   IRU WKH 55 JURXS Q   IRU WKH 55,VR JURXS*  
5& YV 55 JURXS S   5& YV 55,VR JURXS E\ RQHZD\ $129$ ZLWK UHSHDWHG PHDVXUHV
RYHU WLPH
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)LJXUH  ࡟ࡣࠊヨ㦂ᮇ㛫୰࡟࠾ࡅࡿ㉮⾜㊥㞳ࡢ⤒᫬ኚ໬ࢆ♧ࡋࡓࠋヨ㦂ᮇ㛫୰ࡍ࡭࡚ᮇ㛫
࡟࠾࠸࡚ ⩌㛫ࡢᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ
)LJXUH  5XQQLQJ GLVWDQFH IRU UDWV LQFOXGHG LQ WKH ZKHHOUXQQLQJ JURXSV ە UXQQLQJ
DG OLELWXPIHG 5& JURXS ۑ UXQQLQJ UHVWULFWHGIHG 55 JURXS DQG UXQQLQJ
UHVWULFWHGIHG ,VRIODYRQH 55,VR JURXS WKURXJKRXW WKH WRWDO GXUDWLRQ RI WKH
H[SHULPHQW 9DOXHV DUH JLYHQ DV PHDQV s 6' Q   IRU WKH 5& JURXS Q  IRU WKH
55 JURXS Q  IRU WKH 55,VR JURXS E\ 2QHZD\ $129$
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)LJXUH  ࡟ࡣࠊ኱䭇㦵㦵ᐦᗘࡢ ᐃ⤖ᯝࢆ♧ࡋࡓࠋ኱䭇㦵㏆఩㒊%࡟࠾࠸࡚ࠊ55⩌ࡣ 5&
⩌࡜ẚ㍑ࡋ࡚᭷ព࡟ప್ࢆ♧ࡋࡓࠋࡋ࠿ࡋࠊ55,VR ⩌ࡣ 5& ⩌࡜ẚ㍑ࡋ࡚ᕪࡣㄆࡵࡽࢀ࡞࠿
ࡗࡓࠋࡲࡓࠊ55,VR ⩌࡜ 55 ⩌ࡢ㛫࡟ࡶᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋࡲࡓࠊ኱䭇㦵඲య$࡟࠾
࠸࡚ࡣࠊ55 ⩌ࡀ 5& ⩌࡜ẚ㍑ࡋ࡚ప್ࢆ♧ࡍഴྥࡀぢࡽࢀࡓS ࠋ኱䭇㦵㦵ᖿ㒊&ࠊ
኱䭇㦵㐲఩㒊'࡟ࡘ࠸࡚ࡣࠊࡍ࡭࡚ࡢ⩌㛫࡟᭷ព࡞ᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ
)LJXUH  (IIHFWV RI HQHUJ\ UHVWULFWLRQ ZLWK ZKHHO UXQQLQJ DQG LVRIODYRQH LQWDNH
IRU  ZNV RQ %0' LQ IHPDOH UDWV :KROH IHPXU %0' $ 3UR[LPDO %0' % 0LGGOH %0'
& 'LVWDO %0' ' 9DOXHV DUH PHDQV s 6' Q  0HDQV ZLWK GLIIHUHQW OHWWHUV GLIIHU
3 E\ RQHZD\ $129$
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)LJXUH  ࡟ࡣࠊ኱䭇㦵ࡢ㦵ሷ㔞ࢆ♧ࡋࡓࠋ኱䭇㦵㐲఩㒊&࡟࠾࠸࡚ࠊ55,VR ⩌ࡣ 5& ⩌
࡜ẚ㍑ࡋ࡚ప್ࢆ♧ࡍഴྥࡀぢࡽࢀࡓࡀࠊ᭷ព࡞ᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓS ࠋࡲࡓࠊ
኱䭇㦵඲య$ࠊ኱䭇㦵㏆఩㒊%ࠊ኱䭇㦵㐲఩㒊'࡟ࡘ࠸࡚ࡣࠊ඲࡚ࡢ⩌㛫࡟࠾࠸࡚᭷ព
࡞ᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ
)LJXUH  (IIHFWV RI HQHUJ\ UHVWULFWLRQ ZLWK ZKHHO UXQQLQJ DQG LVRIODYRQH LQWDNH
IRU  ZNV RQ %0& LQ IHPDOH UDWV :KROH IHPXU %0& $ 3UR[LPDO %0& % 0LGGOH %0&
& 'LVWDO %0& ' 9DOXHV DUH PHDQV s 6' Q  0HDQV ZLWK GLIIHUHQW OHWWHUV GLIIHU
3 E\ RQHZD\ $129$
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)LJXUH  ࡟ࡣࠊගᏛ㢧ᚤ㙾࡟ࡼࡿ኱䭇㦵㐲఩㒊ࡢᵝᏊࢆ♧ࡋࡓࠋ5&⩌$ࠊ55 ⩌%ࠊ55,VR
⩌&ࠊ඲࡚ࡢ⩌࡟࠾࠸࡚ࢸࢺࣛࢧ࢖ࢡࣜࣥ࡜࢝ࣝࢭ࢖ࣥ࡟ࡼࡾᾏ⥥㦵࡬ࡢⰍ⣲ỿ╔ࡀㄆࡵ
ࡽࢀࡓࠋ
)LJXUH  3KRWRPLFURJUDSK RI WKH GLVWDO IHPXU RI HDFK JURXS $ 5& JURXS % 55
JURXS & 55,VR JURXS
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7DEOH  ࡟ࡣࠊ኱䭇㦵㐲఩㒊࡟࠾ࡅࡿᾏ⥥㦵ᙧែィ  ᐃ⤖ᯝࢆ♧ࡋࡓࠋ㦵㔞%979ࡣࠊ
5& ⩌ࡀ 55 ⩌ࠊ55,VR ⩌࡜ẚ㍑ࡋ࡚᭷ព࡟㧗್ࢆ♧ࡋࡓࠋ㦵ᱱᖜ7E7Kࡣࠊ5& ⩌ࡀ 55,VR
⩌࡜ẚ㍑ࡋ࡚ࠊ᭷ព࡟㧗್ࢆ♧ࡋࡓࠋ㢮㦵㠃26%6ࠊ㦵ⱆ⣽⬊㦵㠃2E6%6ࠊ㦵ⱆ⣽
⬊ᩘ12E%6ࠊ◚㦵⣽⬊ᩘ12F%6ࡣࠊ඲࡚ࡢ⩌㛫࡟࠾࠸࡚᭷ព࡞ᕪࡣㄆࡵࡽࢀ࡞࠿ࡗ
ࡓࠋ㦵▼⅊໬㏿ᗘ0$5ࡣࠊ55,VR⩌ࡀ5&⩌࠶ࡿ࠸ࡣ55⩌࡜ẚ㍑ࡋ࡚᭷ព࡟ప್ࢆ♧ࡋࡓࠋ
ࡲࡓࠊ㦵ᙧᡂ㏿ᗘ%)5%6 ཬࡧ %)5%9ࡣࠊ55,VR ⩌ࡀ 55 ⩌࡜ẚ㍑ࡋ࡚ࠊ᭷ព࡟ప್ࢆ♧
ࡋࡓࠋ㦵▼⅊໬㏿ᗘ%)579ࡣࠊ55,VR ⩌ࡀ 5& ⩌ࠊ࠶ࡿ࠸ࡣ 55 ⩌࡜ẚ㍑ࡋ࡚᭷ព࡟ప್
ࢆ♧ࡋࡓࠋ㦵ᱱᩘ7E1ཬࡧ㦵ᱱ㛫㝽7E6Sࡣࠊ඲࡚ࡢ⩌㛫࡟࠾࠸࡚᭷ព࡞ᕪࡣㄆࡵࡽࢀ
࡞࠿ࡗࡓࠋ
7DEOH  %RQH KLVWRPRUSKRPHWU\ RI FDQFHOORXV ERQH RI WKH GLVWDO IHPXU LQ UDWV
Bone variable RC RR RR+Iso P value
BV/TV, % 33.5±4.3a 19.1±8.5b 21.4±5.5b < 0.05
	 70.8±9.9a 58.5±8.8a,b 55.4±5.2b < 0.05
OS/BS, % 3.7±1.9 9.7±5.9 3.0±3.1 N.S
Ob.S/BS, % 3.7±1.1 10.3±6.9 2.6±2.5 N.S
N.Ob/BS, Nmm 3.0±1.1 7.4±4.7 2.0±1.9 N.S
N.Oc/BS, Nmm 3.0±1.8 2.2±1.8 1.6±0.5 N.S

	 1.3±0.1a 1.2±0.1a 0.9±0.2b < 0.05
BFR/BS, mm2/mm2/year 0.065±0.026a,b 0.084±0.052a 0.019±0.01b < 0.05
BFR/BV, % year 178.9±45.6a,b 311.9±218.8a 67.1±36.5b < 0.05
BFR/TV, % year 60.6±20.8a 45.8±21.2a 15.2±8.5b < 0.05
Tb.N, N/mm 4.8±0.7 3.2±1.3 3.8±0.7 N.S
	    
9DOXHV PHDQV s6' Q  0HDQV ZLWK GLIIHUHQW OHWWHUV GLIIHU 3   E\ RQHZD\
$129$
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7DEOH  ࡟ࠊ⾑୰ (ཬࡧ /+ ࡢ ᐃ⤖ᯝࢆ♧ࡋࡓࠋ⾑୰ (⃰ᗘࡣࠊ55⩌ཬࡧ 55,VR ⩌ࡀ 5&
⩌࡜ẚ㍑ࡋ࡚᭷ព࡟ప್ࢆ♧ࡋࡓࠋ⾑୰ /+⃰ᗘ࡟ࡘ࠸࡚ࡣࠊࡍ࡭࡚ࡢ⩌㛫࡛ᕪࡣぢࡽࢀ࡞
࠿ࡗࡓࠋ
7DEOH  3ODVPD FRQFHQWUDWLRQV RI ( DQG /+ LQ UDWV (IIHFWV RI HQHUJ\ UHVWULFWLRQ
ZLWK ZKHHO UXQQLQJ DQG LVRIODYRQH LQWDNH RQ SODVPD ( DQG /+ FRQFHQWUDWLRQ
RC RR RR+Iso P value
E2 (pmol/L) 26.0 ± 6.3a 18.5 ± 1.8b 16.9 ± 1.5b < 0.05
LH (ng/mL) 3.1 ± 1.4 2.5 ± 2.7 1.6 ± 0.5 N.S
9DOXHV PHDQV s6' Q  0HDQV ZLWK GLIIHUHQW OHWWHUV GLIIHU 3   E\ RQHZD\
$129$
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㸱㸫㸲㸬⪃ᐹ
ᮏ◊✲ࡢ୺࡞▱ぢࡣࠊ኱䭇㦵㏆఩㒊ࡢ㦵ᐦᗘࡢ⤖ᯝࡼࡾ⮬Ⓨ㐠ື㸩࢚ࢿࣝࢠ࣮ไ㝈55
⩌ࡀ⮬Ⓨ㐠ື㸩⮬⏤ᦤྲྀ5&⩌࡜ẚ㍑ࡋ࡚᭷ព࡟ప್ࢆ♧ࡋࡓࡇ࡜ࠊࡲࡓ࢖ࢯࣇࣛ࣎ࣥῧ
ຍ㣗55,VR⩌ࡣ 5& ⩌࡜ẚ㍑ࡋ࡚ᕪࡀㄆࡵࡽࢀ࡞࠿ࡗࡓࡇ࡜࡛࠶ࡿࠋࡉࡽ࡟ࠊ⾑୰ (⃰ᗘ
࡟࠾࠸࡚ࠊ55 ⩌ཬࡧ 55,VR ⩌ࡣ 5& ⩌࡜ẚ㍑ࡋ࡚᭷ព࡟ప್ࢆ♧ࡋࡓࡇ࡜࠿ࡽࠊ࢖ࢯࣇࣛ
࣎ࣥῧຍ㣗⩌ࡀ⮬Ⓨ㐠ືཬࡧ࢚ࢿࣝࢠ࣮ไ㝈ㄏⓎᛶࡢప ( ࣞ࣋ࣝ᫬ࡢ㦵ᐦᗘపୗࢆᢚไࡋ
ࡓࡇ࡜ࡀ♧၀ࡉࢀࡓࠋࡋ࠿ࡋࠊ⮬Ⓨ㐠ືཬࡧ࢚ࢿࣝࢠ࣮ไ㝈ㄏⓎᛶ㦵ᐦᗘపୗ࡟ᑐࡋࠊ኱
㇋࢖ࢯࣇࣛ࣎ࣥࡀ࡝ࡢࡼ࠺࡟స⏝ࡋ࡚࠸ࡿࡢ࠿ࡣ᫂ࡽ࠿࡜࡞ࡗ࡚࠸࡞࠸ࡓࡵࠊ㦵ᙧែィ 
࡟ࡼࡾヲ⣽࡞᳨ウࢆ⾜ࡗࡓࠋ
኱㇋࢖ࢯࣇࣛ࣎ࣥᦤྲྀࡀ༸ᕢ᦬ฟࣔࢹࣝື≀࡞࡝ࢆ⏝࠸ࠊ㦵ᐦᗘపୗᢚไຠᯝࢆ♧ࡍሗ
࿌ࡣከᩘ࡞ࡉࢀ࡚࠸ࡿࠋ኱㇋࢖ࢯࣇࣛ࣎ࣥᦤྲྀࡀ㦵ᐦᗘపୗᢚไࢆ♧ࡍస⏝ᶵᵓ࡜ࡋ࡚ࠊ
㦵྾཰㜼ᐖ࡜㦵ᙧᡂࡢಁ㐍ࡢ୧᪉࠿ࡽస⏝ࡋ࡚࠸ࡿࡇ࡜ࡀ⪃࠼ࡽࢀ࡚࠸ࡿࠋ㦵྾཰࡟࠾࠸
࡚ࡣࠊ◚㦵⣽⬊ࡢ࢔࣏ࢺ࣮ࢩࢫ࠶ࡿ࠸ࡣάᛶ໬ࡢᢚไࠊࡲࡓࠊࢳࣟࢩࣥ࢟ࢼ࣮ࢮάᛶࡢᢚ
ไ࡛࠶ࡿࠋ㦵ᙧᡂ࡟ᑐࡍࡿస⏝ࡣࠊ㦵ⱆ⣽⬊࡟࠾ࡅࡿࢱࣥࣃࢡྜᡂࢆಁ㐍ࡋࠊ࢔ࣝ࢝ࣜࣇ
࢛ࢫࣇ࢓ࢱ࣮ࢮάᛶࢆ㧗ࡵࡿࡇ࡜࡟ࡼࡾࠊ㦵ⱆ⣽⬊ࡢ㦵ᙧᡂࢆಁ㐍ࡍࡿࠋᮏᐇ㦂࡟࠾࠸࡚ࠊ
኱䭇㦵㦵ᐦᗘࡣࠊ࢖ࢯࣇࣛ࣎ࣥῧຍ㣗55,VR⩌ࡣ⮬Ⓨ㐠ືཬࡧ࢚ࢿࣝࢠ࣮ไ㝈55⩌࡜
ẚ㍑ࡋ࡚⤫ィⓗ᭷ពᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࡇ࡜࠿ࡽࠊ㦵㔞ῶᑡࢆ⦆ࡸ࠿࡟ᢚไࡋࡓྍ⬟ᛶ
ࡀ♧၀ࡉࢀࡓࠋࡋ࠿ࡋࠊ୧⩌㛫࡟࠾ࡅࡿ㦵ⱆ⣽⬊ᩘ1 2E%6࡟ࡣᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ
ࡉࡽ࡟ࠊ◚㦵⣽⬊ᩘ1 2F%6࡟ࡘ࠸࡚ࡶᕪࡀㄆࡵࡽࢀ࡞࠿ࡗࡓࡇ࡜࠿ࡽࠊᮏᐇ㦂࡟࠾ࡅ
ࡿ኱㇋࢖ࢯࣇࣛ࣎ࣥᦤྲྀࡢ㦵ᐦᗘపୗᢚไຠᯝࡣࠊ㦵ᙧᡂࢆಁ㐍ࡋࡓࡢ࠿ࠊ㦵྾཰ࢆ㜼ᐖ
ࡋࡓࡢ࠿ࡣ᫂☜࡛ࡣ࡞࠸ࠋࡋ࠿ࡋ୍᪉࡛ࠊ㦵▼⅊໬㏿ᗘ0$5ࡣ 55,VR ⩌ࡀ 5& ⩌࠶ࡿ࠸ࡣ
55 ⩌࡜ẚ㍑ࡋ࡚᭷ព࡟ప್ࢆ♧ࡋࡓ7DEOH ࠋࡇࢀࡽࡢ⤖ᯝ࠿ࡽࠊ55,VR ⩌ࡣ௚ࡢ  ⩌
࡜ẚ㍑ࡋ࡚ࠊ㦵▼⅊໬㏿ᗘࢆᢚไࡋ࡚࠸ࡓྍ⬟ᛶࡀ♧ࡉࢀࡓࠋࡲࡓࠊ55,VR ⩌ࡢ㦵ᙧᡂ㏿
ᗘ%)5ࡣࠊ5& ⩌࠶ࡿ࠸ࡣ 55 ⩌࡜ẚ㍑ࡋ࡚᭷ព࡟ప್ࢆ♧ࡋࠊ኱㇋࢖ࢯࣇࣛ࣎ࣥࡀ㦵ᙧᡂ
ࢆᢚไࡋࡓྍ⬟ᛶࡀ♧၀ࡉࢀࡓࠋࡲࡓࠊ㦵ᱱᖜ7E7Kཬࡧ㦵ᱱ㛫㝽7E6Sࡣࠊ඲࡚ࡢ⩌
㛫࡟࠾࠸࡚᭷ព࡞ᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓ7DEOH ࠋ
ࡲࡓࠊ⾑୰ (⃰ᗘ࡟ࡘ࠸࡚ࠊ55 ⩌ཬࡧ 55,VR ⩌ࡣ 5& ⩌࡜ẚ㍑ࡋ࡚᭷ព࡟ప್ࢆ♧ࡋࡓ
7DEOH ࠋࡇࡢ⤖ᯝࡣࠊ኱䭇㦵㦵ᐦᗘ㏆఩㒊࡟࠾ࡅࡿ⤖ᯝ࡜ྠᵝࡢഴྥ࡟࠶ࡾࠊ⮬Ⓨ㐠
ືཬࡧ࢚ࢿࣝࢠ࣮ไ㝈ㄏⓎᛶ㦵ᐦᗘࡢపୗ࡟⾑୰ ( ⃰ᗘࡢపୗࡀᐤ୚ࡋ࡚࠸ࡿྍ⬟ᛶࡀ⪃
࠼ࡽ࠼ࡓࠋ୍᪉ࠊ⾑୰ /+⃰ᗘ࡟࠾࠸࡚ࡣࠊ඲࡚ࡢ⩌㛫࡟࠾ࡅࡿᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࡇ࡜
࠿ࡽࠊ⏕Ṫ⣔ෆศἪᛂ⟅࡛࠶ࡿどᗋୗ㒊̺ୗᆶయ̺༸ᕢ+\SRWKDODPXVSLWXLWDU\RYDU\
㍈ࡣ஘ࡉࢀ࡚࠸࡞࠿ࡗࡓྍ⬟ᛶࡀ♧ࡉࢀࡓࠋ
ᮏᐇ㦂࡛ࡣࠊ⮬Ⓨ㐠ືཬࡧ࢚ࢿࣝࢠ࣮ไ㝈ࡢ㈇Ⲵ࡟ࡼࡾ኱䭇㦵㏆఩㒊࡟࠾ࡅࡿ㦵ᐦᗘࡢ
పୗࢆㄏᑟࡋࠊ኱㇋࢖ࢯࣇࣛ࣎ࣥᦤྲྀ࡟ࡼࡾࠊ㦵ᐦᗘపୗࢆ⦆࿴ࡋࡓྍ⬟ᛶࡀ♧၀ࡉࢀࡓࠋ
ࡉࡽ࡟ࠊ⮬Ⓨ㐠ືཬࡧ࢚ࢿࣝࢠ࣮ไ㝈㈇Ⲵ⩌࡟࠾࠸࡚⾑୰ (⃰ᗘࡀప್ࢆ♧ࡋࡓࡇ࡜࠿ࡽࠊ
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኱㇋࢖ࢯࣇࣛ࣎ࣥᦤྲྀࡀ⾑୰ (Ḟஈ᫬ࡢ㦵㔞ῶᑡ࡟ᢚไⓗ࡟ാࡃྍ⬟ᛶࡀ⪃࠼ࡽࢀࡓࠋ
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➨㸲❶ ⥲ᣓ
ᮏᐇ㦂ࡢ┠ⓗࡣࠊዪᛶ࢔ࢫ࣮ࣜࢺࡢ㦵⢒㧼⑕ࣔࢹࣝື≀☜❧ࡢⅭࠊ⮬Ⓨ㐠ືཬࡧ࢚ࢿࣝ
ࢠ࣮ไ㝈ࡀᡂ⇍ᮇࣛࢵࢺ㦵ᐦᗘ࡟ཬࡰࡍᙳ㡪ࢆ᫂ࡽ࠿࡟ࡍࡿࡇ࡜ࠊࡉࡽ࡟኱㇋࢖ࢯࣇࣛ࣎
ࣥᦤྲྀࡀ㦵ᐦᗘపୗ࡟ཬࡰࡍᙳ㡪ࢆ᫂ࡽ࠿࡟ࡍࡿࡇ࡜࡛࠶ࡗࡓࠋ௨ୗ࡟ྛᐇ㦂ࡢࡲ࡜ࡵࢆ
♧ࡍࠋ
᳨ウㄢ㢟 㸸⮬Ⓨ㐠ືཬࡧ࢚ࢿࣝࢠ࣮ไ㝈ࡀࣛࢵࢺ㦵ᐦᗘ࡟ཬࡰࡍᙳ㡪ࢆ᳨ウࡋࡓ⤖ᯝࠊ㦵
ᐦᗘపୗࢆㄏᑟࡋࡓࠋ⾑୰ (⃰ᗘཬࡧ /+⃰ᗘࡀ 6HGHQWDU\ ⩌࡜ẚ㍑ࡋ࡚ప್ࢆ♧ࡋࡓࡇ࡜
࠿ࡽࠊ⏕Ṫჾ⣔ෆศἪᛂ⟅࡟ᙳ㡪ࡋ࡚࠸ࡿྍ⬟ᛶࡀ♧ࡉࢀࡓࠋ
᳨ウㄢ㢟 㸸⮬Ⓨ㐠ືཬࡧ࢚ࢿࣝࢠ࣮ไ㝈ㄏⓎᛶࠊ㦵ᐦᗘࡢపୗ࡟ᑐࡋࠊ኱㇋࢖ࢯࣇࣛ࣎ࣥ
ᦤྲྀࡀཬࡰࡍຠᯝࢆ᳨ウࡋࡓࠋࡑࡢ⤖ᯝࠊ኱㇋࢖ࢯࣇࣛ࣎ࣥᦤྲྀ࡟ࡼࡾࠊ኱䭇㦵㦵ᐦᗘప
ୗࢆ⦆࿴ࡋࡓࠋࡉࡽ࡟ࠊ⮬Ⓨ㐠ືཬࡧ࢚ࢿࣝࢠ࣮ไ㝈㈇Ⲵ⩌࡟࠾ࡅࡿ⾑୰ ( ⃰ᗘࡀప್ࢆ
♧ࡋࡓࡇ࡜࠿ࡽࠊ⾑୰ ( ࣞ࣋ࣝࡢపୗ᫬࡟࠾࠸࡚኱㇋࢖ࢯࣇࣛ࣎ࣥࡢ᭷ຠᛶࡢྍ⬟ᛶࡀ♧
ࡉࢀࡓࠋ
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➨㸳❶ ⤖ㄽ
ᮏ◊✲ࡣ࢔ࢫ࣮ࣜࢺዪᛶࡢ㦵⢒㧼⑕ࣔࢹࣝື≀☜❧ࡢࡓࡵ㐙⾜ࡉࢀࡓࠋ᳨ウㄢ㢟 ࠊ᳨ウ
ㄢ㢟  ࡜ࡶ࡟ࠊ⮬Ⓨ㐠ືཬࡧ࢚ࢿࣝࢠ࣮ไ㝈㈇Ⲵࡣᡂ⇍ᮇ㞤ࣛࢵࢺ኱䭇㦵㦵ᐦᗘࢆ᭷ព࡟
పୗࡉࡏࡓࠋᮏ᳨ウㄢ㢟࡛ᐇ᪋ࡋࡓ⮬Ⓨ㐠ືཬࡧ࢚ࢿࣝࢠ࣮ไ㝈ㄏⓎᛶ㦵ᐦᗘపୗ࡟ᑐࡋࠊ
኱㇋࢖ࢯࣇࣛ࣎ࣥᦤྲྀࡣ㦵ᐦᗘపୗࢆᢚไࡋࡓࠋࡉࡽ࡟ࠊ⾑୰ ( ࣞ࣋ࣝࡢపୗ᫬࡟࠾ࡅࡿ
኱㇋࢖ࢯࣇࣛ࣎ࣥࡢຠᯝࡀ♧ࡉࢀࡓࠋ௨ୖࡼࡾࠊ኱㇋࢖ࢯࣇࣛ࣎ࣥᦤྲྀࡣ⮬Ⓨ㐠ືཬࡧ࢚
ࢿࣝࢠ࣮ไ㝈㈇Ⲵ᫬ࡢ㦵ᐦᗘపୗࢆ ( ࡢᙺ๭ࢆ௦᭰࡜ࡋ࡚ാࡁࠊ㦵ᐦᗘపୗࢆᢚไࡋࡓྍ
⬟ᛶࡀ♧၀ࡉࢀࡓࠋ
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ᘬ⏝ᩥ⊩
$VVRFLDWLRQV 1)R6+6  ,QWHUDFWLYH SDUWLFLSDWLRQ VXUYH\ UHVXOWV )URP
KWWSZZZQIKVRUJFRQWHQWDVS["LG 	OLQNLGHQWLILHU LG	LWHPLG 
$EUDKDP 6) %HXPRQW 3- )UDVHU ,6 /OHZHOO\Q-RQHV ' %RG\ ZHLJKW H[HUFLVH DQG
PHQVWUXDO VWDWXV DPRQJ EDOOHW GDQFHUV LQ WUDLQLQJ %U - 2EVWHW *\QDHFRO 

%DQX 0- 2UKLL 3% 0HMLD : 0F&DUWHU 5- 0RVHNLOGH / 7KRPVHQ -6 .DOX '1 $QDO\VLV
RI WKH HIIHFWV RI JURZWK KRUPRQH YROXQWDU\ H[HUFLVH DQG IRRG UHVWULFWLRQ RQ
GLDSK\VHDO ERQH LQ IHPDOH ) UDWV %RQH  
%DR / =RX 6( =KDQJ 6)'RVHGHSHQGHQW HIIHFWV RI GDLG]HLQ LQ UHJXODWLQJ ERQH
IRUPDWLRQ WKURXJK HVWURJHQ UHFHSWRUV DQG SHUR[LVRPH SUROLIHUDWRUDFWLYDWHG UHFHSWRU
Ț =KRQJ ;L <L -LH +H ;XH %DR  
%($/6 .$ 	 00 0$125( 'LVRUGHUV RI WKH IHPDOH DWKOHWH WULDG DPRQJ FROOHJLDWH
DWKOHWHV,QW-6SRUW1XWU([HUF0HWDE̽
%HQQHOO ./ %UXNQHU 3' (SLGHPLRORJ\ DQG VLWH VSHFLILFLW\ RI VWUHVV IUDFWXUHV &OLQ
6SRUWV 0HG 
%URRNV*XQQ - :DUUHQ 03 0RWKHUGDXJKWHU GLIIHUHQFHV LQ PHQDUFKHDO DJH LQ
DGROHVFHQW JLUOV DWWHQGLQJ QDWLRQDO GDQFH FRPSDQ\ VFKRROV DQG QRQGDQFHUV $QQ +XP
%LRO  
%\UQH 6 0F/HDQ 1 (OLWH DWKOHWHV HIIHFWV RI WKH SUHVVXUH WR EH WKLQ- 6FL 0HG 6SRUW
 
&DQQ &( 0DUWLQ 0& *HQDQW +. -DIIH 5% 'HFUHDVHG VSLQDO PLQHUDO FRQWHQW LQ
DPHQRUUKHLF ZRPHQ -$0$  
&DVWRQ $/ )DUUHOO 3$ 'HDYHU '5  ([HUFLVH WUDLQLQJLQGXFHG FKDQJHV LQ DQWHULRU
SLWXLWDU\ JRQDGRWURSH RI WKH IHPDOH UDW - $SSO 3K\VLRO  
&KXPHOHD :& &0 6FKXEHUW $) 5RFKH HW DO $JH DW PHQDUFKH DQG UDFLDO
FRPSDULVRQVLQ86JLUOV3HGLDWULFV̽
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&KDWWHUWRQ 57 -U +DUWPDQ $/ /\QQ '( +LFNVRQ 5& 3URF 6RF ([S %LRO 0HG 
 ([HUFLVHLQGXFHG RYDULDQ G\VIXQFWLRQ LQ WKH UDW
&LIXHQWHV 0 0RUDQR $% &KRZGKXU\ +$ 6KDSVHV 6$ (QHUJ\ UHVWULFWLRQ UHGXFHV
IUDFWLRQDO FDOFLXP DEVRUSWLRQ LQ PDWXUH REHVH DQG OHDQ UDWV - 1XWU 

&LIXHQWHV 0 5LHGW &6 %UROLQ 5( )LHOG 03 6KHUUHOO 50 6KDSVHV 6$ :HLJKW ORVV DQG
FDOFLXP LQWDNH LQIOXHQFH FDOFLXP DEVRUSWLRQ LQ RYHUZHLJKW SRVWPHQRSDXVDO ZRPHQ $P
- &OLQ 1XWU   (UUDWXP LQ $P - &OLQ 1XWU  
&RQVWDQWLQL 1: 	 :DUUHQ 03 3K\VLFDO DFWLYLW\ )LWQHVV DQG +HDOWK  3URFHHGLQJV
SS  &KDPSDLJQ ,/ +XPDQ .LQHWLFV 
&RQIHUHQFH UHSRUW  &RQVHQVXV 'HYHORSPHQW &RQIHUHQFH 3URSK\OD[LV DQG
7UHDWPHQW RI 2VWHRSRURVLV
'H 6RX]D 0- :HVW 6/ -DPDO 6$ +DZNHU *$ *XQGEHUJ &0 :LOOLDPV 1, 7KH SUHVHQFH
RI ERWK DQ HQHUJ\ GHILFLHQF\ DQG HVWURJHQ GHILFLHQF\ H[DFHUEDWH DOWHUDWLRQV RI ERQH
PHWDEROLVP LQ H[HUFLVLQJ ZRPHQ %RQH 
'H :LOGH $ /LHEHUKHUU 0 &ROLQ & 3RLQWLOODUW $$ ORZ GRVH RI GDLG]HLQ DFWV DV DQ
(5EHWDVHOHFWLYH DJRQLVW LQ WUDEHFXODU RVWHREODVWV RI \RXQJ IHPDOH SLJOHWV - &HOO
3K\VLRO  
GH /HPRV 0/ (IIHFWV RI VR\ SK\WRHVWURJHQV JHQLVWHLQ DQG GDLG]HLQ RQ EUHDVW FDQFHU
JURZWK $QQ 3KDUPDFRWKHU  
'LPDUFR 10 'DUW / 6DQERUQ &% 0RGLILHG DFWLYLW\VWUHVV SDUDGLJP LQ DQ DQLPDO PRGHO
RI WKH IHPDOH DWKOHWH WULDG $SSO 3K\VLRO  
'ULQNZDWHU %/ 1LOVRQ . &KHVQXW &+ UG %UHPQHU :- 6KDLQKROW] 6 6RXWKZRUWK 0%
%RQH PLQHUDO FRQWHQW RI DPHQRUUKHLF DQG HXPHQRUUKHLF DWKOHWHV 1 (QJO - 0HG 
 
'XVHN 7 ,QIOXHQFH RI KLJK LQWHQVLW\ WUDLQLQJ RQ PHQVWUXDO F\FOH GLVRUGHUV LQ DWKOHWHV
&URDW 0HG -  
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)DQWL 3 0RQLHU)DXJHUH 0& *HQJ = 6FKPLGW - 0RUULV 3( &RKHQ ' 0DOOXFKH ++7KH
SK\WRHVWURJHQ JHQLVWHLQ UHGXFHV ERQH ORVV LQ VKRUWWHUP RYDULHFWRPL]HG UDWV
2VWHRSRURV ,QW 
)HKOLQJ 3& $OHNHO / &ODVH\ - 5HFWRU $ 6WLOOPDQ 5-$ FRPSDULVRQ RI ERQH PLQHUDO
GHQVLWLHV DPRQJ IHPDOH DWKOHWHV LQ LPSDFW ORDGLQJ DQG DFWLYH ORDGLQJ VSRUWV %RQH
 
)HUWLO 6WHULO &XUUHQW HYDOXDWLRQ RI DPHQRUUKHD 3UDFWLFH &RPPLWWHH RI WKH $PHULFDQ
6RFLHW\ IRU 5HSURGXFWLYH 0HGLFLQH  6
)ULVFK 5( 0F$UWKXU -: 0HQVWUXDO F\FOHV IDWQHVV DV D GHWHUPLQDQW RI PLQLPXP ZHLJKW
IRU KHLJKW QHFHVVDU\ IRU WKHLU PDLQWHQDQFH RU RQVHW 6FLHQFH 

*DR <+ <DPDJXFKL 0 $QDEROLF HIIHFW RI GDLG]HLQ RQ FRUWLFDO ERQH LQ WLVVXH FXOWXUH
FRPSDULVRQ ZLWK JHQLVWHLQ HIIHFW 0RO &HOO %LRFKHP  
+DZNLQV - &LIXHQWHV 0 3OHVKNR 1/ $PELD6REKDQ + 6KDSVHV 6$ (QHUJ\ UHVWULFWLRQ
LV DVVRFLDWHG ZLWK ORZHU ERQH PLQHUDO GHQVLW\ RI WKH WLELD DQG IHPXU LQ OHDQ EXW QRW
REHVH IHPDOH UDWV - 1XWU  
+RO\;=«UDWK(%RQHPDVVLQFUHDVHVLQOHVVWKDQZNRIYROXQWDU\H[HUFLVLQJLQ
JURZLQJ UDWV 0HG 6FL 6SRUWV ([HUF  
+R 6& &KDQ 6* <L 4 :RQJ ( /HXQJ 3& 6R\ LQWDNH DQG WKH PDLQWHQDQFH RI SHDN ERQH
PDVV LQ +RQJ .RQJ &KLQHVH ZRPHQ - %RQH 0LQHU 5HV 
+XONNR $ 2UDYD 6 6WUHVV IUDFWXUHV LQ DWKOHWHV ,QW - 6SRUWV 0HG  
,VKLGD + 8HVXJL 7 +LUDL . 7RGD 7 1XND\D + <RNRWVXND . 7VXML . 3UHYHQWLYH HIIHFWV
RI WKH SODQW LVRIODYRQHV GDLG]LQ DQG JHQLVWLQ RQ ERQH ORVV LQ RYDULHFWRPL]HG UDWV
IHG D FDOFLXPGHILFLHQW GLHW
,VKLPL < 0L\DXUD & 2KPXUD 0 2QRH < 6DWR 7 8FKL\DPD < ,WR 0 :DQJ ; 6XGD 7
,NHJDPL 6 6HOHFWLYH HIIHFWV RI JHQLVWHLQ D VR\EHDQ LVRIODYRQH RQ %O\PSKRSRLHVLV
DQG ERQH ORVV FDXVHG E\ HVWURJHQ GHILFLHQF\ (QGRFULQRORJ\  $SU
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,VKLPL < <RVKLGD 0 :DNLPRWR 6 :X - &KLED + :DQJ ; 7DNHGD . 0L\DXUD & *HQLVWHLQ
D VR\EHDQ LVRIODYRQH DIIHFWV ERQH PDUURZ O\PSKRSRLHVLV DQG SUHYHQWV ERQH ORVV LQ
FDVWUDWHG PDOH PLFH %RQH  
,VKLPL < $UDL 1 :DQJ ; :X - 8PHJDNL . 0L\DXUD & 7DNHGD $ ,NHJDPL 6 'LIIHUHQFH
LQ HIIHFWLYH GRVDJH RI JHQLVWHLQ RQ ERQH DQG XWHUXV LQ RYDULHFWRPL]HG PLFH %LRFKHP
%LRSK\V 5HV &RPPXQ  
.DXIPDQ %$ :DUUHQ 03 'RPLQJXH] -( :DQJ - +H\PVILHOG 6% 3LHUVRQ 51 %RQH GHQVLW\
DQG DPHQRUUKHD LQ EDOOHW GDQFHUV DUH UHODWHG WR D GHFUHDVHG UHVWLQJ PHWDEROLF UDWH
DQG ORZHU OHSWLQ OHYHOV - &OLQ (QGRFULQRO 0HWDE 
.XLSHU ** /HPPHQ -* &DUOVVRQ % &RUWRQ -& 6DIH 6+ YDQ GHU 6DDJ 37 YDQ GHU %XUJ
% *XVWDIVVRQ -$ ,QWHUDFWLRQ RI HVWURJHQLF FKHPLFDOV DQG SK\WRHVWURJHQV ZLWK
HVWURJHQ UHFHSWRU EHWD (QGRFULQRORJ\  
.RPUDNRYD 0 6HKPLVFK 6 7H]YDO 0 6FKPHO] 8 )UDXHQGRUI + *UXHJHU 7 :HVVOLQJ 7
.OHLQ & %LUWK 0 6WXHUPHU .0 6WXHUPHU (. ,PSDFW RI PHWK\OEHQ]\OLGHQH FDPSKRU
GDLG]HLQ DQG HVWURJHQ RQ LQWDFW DQG RVWHRWRPL]HG ERQH LQ RVWHRSHQLF UDWV -
(QGRFULQRO  
/DPEULQRXGDNL , 3DSDGLPLWULRX ' $QQ 1 < $FDG 6FL 3DWKRSK\VLRORJ\ RI ERQH ORVV LQ
WKH IHPDOH DWKOHWH  
/L ;- -HH :66 .H += 0RUL 6 $NDPLQH 7  $JH UHODWHG FKDQJHV RI FDQFHOORXV
DQG FRUWLFDO ERQH KLVWRPRUSKRPHWU\ LQ IHPDOH 6SUDJXH'DZOH\ UDWV &HOOV 0DWHULDOV
, VXSSO 
/RXFNV $% 7KXPD -5 /XWHLQL]LQJ KRUPRQH SXOVDWLOLW\ LV GLVUXSWHG DW D WKUHVKROG RI
HQHUJ\ DYDLODELOLW\ LQ UHJXODUO\ PHQVWUXDWLQJ ZRPHQ - &OLQ (QGRFULQRO 0HWDE 

/RXFNV $% 0RUWROD -) *LUWRQ / <HQ 66 $OWHUDWLRQV LQ WKH
K\SRWKDODPLFSLWXLWDU\RYDULDQ DQG WKH K\SRWKDODPLFSLWXLWDU\DGUHQDO D[HV LQ
DWKOHWLF ZRPHQ - &OLQ (QGRFULQRO 0HWDE  
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0DUFXV 5 &DQQ & 0DGYLJ 3 0LQNRII - *RGGDUG 0 %D\HU 0 0DUWLQ 0 *DXGLDQL / +DVNHOO
: *HQDQW + 0HQVWUXDO IXQFWLRQ DQG ERQH PDVV LQ HOLWH ZRPHQ GLVWDQFH UXQQHUV
(QGRFULQH DQG PHWDEROLF IHDWXUHV $QQ ,QWHUQ 0HG  
0DUFXV 5 &DQQ & 0DGYLJ 3 0LQNRII - *RGGDUG 0 %D\HU 0 0DUWLQ 0 *DXGLDQL / +DVNHOO
: *HQDQW + 0HQVWUXDO IXQFWLRQ DQG ERQH PDVV LQ HOLWH ZRPHQ GLVWDQFH UXQQHUV
(QGRFULQH DQG PHWDEROLF IHDWXUHV $QQ ,QWHUQ 0HG  
0LVUD 0 %RQH GHQVLW\ LQ WKH DGROHVFHQW DWKOHWH 5HY (QGRFU 0HWDE 'LVRUG 

0\EXUJK .+ %DFKUDFK /. /HZLV % .HQW . 0DUFXV 5 /RZ ERQH PLQHUDO GHQVLW\ DW D[LDO
DQG DSSHQGLFXODU VLWHV LQ DPHQRUUKHLF DWKOHWHV 0HG 6FL 6SRUWV ([HUF 

0RUDELWR 1 &ULVDIXOOL $ 9HUJDUD & *DXGLR $ /DVFR $ )ULVLQD 1 '
$QQD 5 &RUUDGR
) 3L]]ROHR 0$ &LQFRWWD 0 $OWDYLOOD ' ,HQWLOH 5 6TXDGULWR ) (IIHFWV RI JHQLVWHLQ
DQG KRUPRQHUHSODFHPHQW WKHUDS\ RQ ERQH ORVV LQ HDUO\ SRVWPHQRSDXVDO ZRPHQ D
UDQGRPL]HG GRXEOHEOLQG SODFHERFRQWUROOHG VWXG\ - %RQH 0LQHU 5HV 

1DNDMLPD ' .LP &6 2K 7: <DQJ &< 1DND 7 ,JDZD 6 2KWD ) 6XSSUHVVLYH HIIHFWV RI
JHQLVWHLQ GRVDJH DQG UHVLVWDQFH H[HUFLVH RQ ERQH ORVV LQ RYDULHFWRPL]HG UDWV -
3K\VLRO $QWKURSRO $SSO +XPDQ 6FL  
1DWWLY $ $JRVWLQL 5 'ULQNZDWHU % <HDJHU ..7KH IHPDOH DWKOHWH WULDG 7KH
LQWHUUHODWHGQHVV RI GLVRUGHUHG HDWLQJ DPHQRUUKHD DQG RVWHRSRURVLV OLQ 6SRUWV 0HG
  5HYLHZ
1DWWLY $ /RXFNV $% 0DQRUH 00 6DQERUQ &) 6XQGJRW%RUJHQ - :DUUHQ 03 $PHULFDQ
&ROOHJH RI 6SRUWV 0HGLFLQH $PHULFDQ &ROOHJH RI 6SRUWV 0HGLFLQH SRVLWLRQ VWDQG 7KH
IHPDOH DWKOHWH WULDG 0HG 6FL 6SRUWV ([HUF  
1DWLRQDO 2VWHRSRURVLV )RXQGDWLRQ ͆)DVW )DFWV͇  KWWS
ZZZQRIRUJRVWHRSRURVLVGLVHDVHIDFWVKWP
1LFKROV -) 5DXK 0- /DZVRQ 0- -L 0 %DUNDL +6 3UHYDOHQFH RI WKH IHPDOH DWKOHWH
WULDG V\QGURPH DPRQJ KLJK VFKRRO DWKOHWHV $UFK 3HGLDWU $GROHVF 0HG  
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2WLV &/ 'ULQNZDWHU % -RKQVRQ 0 HW DO $PHULFDQ &ROOHJH RI 6SRUWV 0HGLFLQH 3RVLWLRQ
3HWWHUVVRQ ) )ULHV + 1LOOLXV 6- (SLGHPLRORJ\ RI VHFRQGDU\ DPHQRUUKHD , ,QFLGHQFH
DQG SUHYDOHQFH UDWHV $P - 2EVWHW *\QHFRO  
3LFKHULW & &R[DP 9 %HQQHWDX3HOLVVHUR & .DWL&RXOLEDO\ 6 'DYLFFR 0- /HEHFTXH
3 %DUOHW -3 'DLG]HLQ LV PRUH HIILFLHQW WKDQ JHQLVWHLQ LQ SUHYHQWLQJ
RYDULHFWRP\LQGXFHG ERQH ORVV LQ UDWV - 1XWU  -XO
4LQJ 0LDR -LQJ*H /L 6KDQ 0LDR 1DQ +X -LQ =KDQJ 6RQJ =KDQJ <DQ+XD ;LH -LDQ%R
:DQJ DQG 6L:DQJ :DQJ 7KH %RQH3URWHFWLYH (IIHFW RI *HQLVWHLQ LQ WKH $QLPDO 0RGHO
RI %LODWHUDO 2YDULHFWRP\ 5ROHV RI 3K\WRHVWURJHQV DQG 37+37+5 $JDLQVW
3RVW0HQRSDXVDO 2VWHRSRURVLV ,QW - 0RO 6FL  
5LVVHU :/ /HH (- /H%ODQF $ 3RLQGH[WHU +% 5LVVHU -0 6FKQHLGHU 9 %RQH GHQVLW\
LQ HXPHQRUUKHLF IHPDOH FROOHJH DWKOHWHV 0HG 6FL 6SRUWV ([HUF  
5RELQVRQ 7/ 6QRZ+DUWHU & 7DDIIH '5 *LOOLV ' 6KDZ - 0DUFXV 5 *\PQDVWV H[KLELW
KLJKHU ERQH PDVV WKDQ UXQQHUV GHVSLWH VLPLODU SUHYDOHQFH RI DPHQRUUKHD DQG
ROLJRPHQRUUKHD - %RQH 0LQHU 5HV  
6DQWHOO 5& &KDQJ <& 1DLU 0* +HOIHULFK :* 'LHWDU\ JHQLVWHLQ H[HUWV HVWURJHQLF
HIIHFWV XSRQ WKH XWHUXV PDPPDU\ JODQG DQG WKH K\SRWKDODPLFSLWXLWDU\ D[LV LQ UDWV - 
1XWU   
6FKDSLUD ' /RWDQ0LOOHU 5 %DU]LOLDL ' 6LOEHUPDQQ 0  7KH UDW DV D PRGHO IRU
VWXGLHV RI WKH DJLQJ VNHOHWRQ &HOOV 0DWHULDOV , VXSSO
6NROQLFN $$ ͂)HPDOH $WKOHWH 7ULDG̓ ULVN IRU ZRPHQ -$0$ 
̽
6QRZ+DUWHU &0 %RQH KHDOWK DQG SUHYHQWLRQ RI RVWHRSRURVLV LQ DFWLYH DQG DWKOHWLF
ZRPHQ &OLQ 6SRUWV 0HG  
6WHGPDQ̓V 0HGLFDO 'LFWLRQDU\ WK HG /LSSLQFRWW :LOOLDPV 	 :LONLQV
6ZLIW 61 %DHN . 6ZLIW -0 %ORRPILHOG 6$ 5HVWULFWLRQ RI GLHWDU\ HQHUJ\ LQWDNH KDV
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D JUHDWHU LPSDFW RQ ERQH LQWHJULW\ WKDQ GRHV UHVWULFWLRQ RI FDOFLXP LQ H[HUFLVLQJ
IHPDOH UDWV - 1XWU  
6XQGJRW%RUJHQ - 7RUVWYHLW 0. 3UHYDOHQFH RI HDWLQJ GLVRUGHUV LQ HOLWH DWKOHWHV
LV KLJKHU WKDQ LQ WKH JHQHUDO SRSXODWLRQ&OLQ - 6SRUW 0HG  
7DOERWW 60 &LIXHQWHV 0 'XQQ 0* 6KDSVHV 6$ - 1XWU   (QHUJ\
UHVWULFWLRQ UHGXFHV ERQH GHQVLW\ DQG ELRPHFKDQLFDO SURSHUWLHV LQ DJHG IHPDOH UDWV
9DXJKQ +7 1LWVFK : ,OLDO DQWHULRU URWDWLRQ K\SHUPRELOLW\ LQ D IHPDOH FROOHJLDWH
WHQQLV SOD\HU3K\V 7KHU  
:DUUHQ 03 7KH HIIHFWV RI H[HUFLVH RQ SXEHUWDO SURJUHVVLRQ DQG UHSURGXFWLYH IXQFWLRQ
LQ JLUOV- &OLQ (QGRFULQRO 0HWDE  
:DUUHQ 03 %URRNV*XQQ - )R[ 53 /DQFHORW & 1HZPDQ ' +DPLOWRQ :* /DFN RI ERQH
DFFUHWLRQ DQG DPHQRUUKHD HYLGHQFH IRU D UHODWLYH RVWHRSHQLD LQ ZHLJKWEHDULQJ ERQHV
- &OLQ (QGRFULQRO 0HWDE  
:LOOLDPV 1, &DVWRQ%DOGHUUDPD $/ +HOPUHLFK '/ 3DUILWW '% 1RVELVFK & &DPHURQ -/
/RQJLWXGLQDO FKDQJHV LQ UHSURGXFWLYH KRUPRQHV DQG PHQVWUXDO F\FOLFLW\ LQ F\QRPROJXV
PRQNH\V GXULQJ VWUHQXRXV H[HUFLVH WUDLQLQJ DEUXSW WUDQVLWLRQ WR H[HUFLVHLQGXFHG
DPHQRUUKHD (QGRFULQRORJ\  
:LOOLDPV 1, +HOPUHLFK '/ 3DUILWW '% &DVWRQ%DOGHUUDPD $ &DPHURQ -/ (YLGHQFH IRU
D FDXVDO UROH RI ORZ HQHUJ\ DYDLODELOLW\ LQ WKH LQGXFWLRQ RI PHQVWUXDO F\FOH
GLVWXUEDQFHV GXULQJ VWUHQXRXV H[HUFLVH WUDLQLQJ - &OLQ (QGRFULQRO 0HWDE 

:X - 2ND - 7DEDWD , +LJXFKL 0 7RGD 7 )XNX 1 (]DNL - 6XJL\DPD ) 8FKL\DPD 6
<DPDGD . ,VKLPL < (IIHFWV RI LVRIODYRQH DQG H[HUFLVH RQ %0' DQG IDW PDVV LQ
SRVWPHQRSDXVDO -DSDQHVH ZRPHQ D \HDU UDQGRPL]HG SODFHERFRQWUROOHG WULDO - %RQH
0LQHU 5HV  
<DPDJXFKL 0 :HLW]PDQQ 01 7KH HVWURJHQ EHWDHVWUDGLRO DQG SK\WRHVWURJHQ JHQLVWHLQ
PHGLDWH GLIIHUHQWLDO HIIHFWV RQ RVWHREODVWLF 1)NDSSD% DFWLYLW\ ,QW - 0RO 0HG 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
<DPDJXFKL 0 *DR <+ $QDEROLF HIIHFW RI JHQLVWHLQ DQG JHQLVWLQ RQ ERQH PHWDEROLVP
LQ WKH IHPRUDOPHWDSK\VHDO WLVVXHV RI HOGHUO\ UDWV WKH JHQLVWHLQ HIIHFW LV HQKDQFHG
E\ ]LQF 0RO &HOO %LRFKHP  
<HDJHU .. $JRVWLQL 5 1DWWLY $ 'ULQNZDWHU %7KH IHPDOH DWKOHWH WULDG GLVRUGHUHG
HDWLQJ DPHQRUUKHD RVWHRSRURVLV 0HG 6FL 6SRUWV ([HUF  
<RVKLPXUD 1 0XUDNL 6 2ND + .DZDJXFKL + 1DNDPXUD . $NXQH 7 &RKRUW SURILOH
UHVHDUFK RQ 2VWHRDUWKULWLV2VWHRSRURVLV $JDLQVW 'LVDELOLW\ VWXG\ ,QW - (SLGHPLRO
 
=DQNHU &/ %RQH PHWDEROLVP LQ H[HUFLVH DVVRFLDWHG DPHQRUUKRHD WKH LPSRUWDQFH RI
QXWULWLRQ %U - 6SRUWV 0HG  
7XUQHU 57 ,ZDQLHF 87 0RGHUDWH ZHLJKW JDLQ GRHV QRW LQIOXHQFH ERQH PHWDEROLVP LQ
VNHOHWDOO\ PDWXUH IHPDOH UDWV %RQH  
7DOERWW 60 &LIXHQWHV 0 'XQQ 0* 6KDSVHV 6$ (QHUJ\ UHVWULFWLRQ UHGXFHV ERQH GHQVLW\
DQG ELRPHFKDQLFDO SURSHUWLHV LQ DJHG IHPDOH UDWV - 1XWU  
:KHQW 0 /Y - /XWKULD '/ .HQZRUWK\ : <X // ,VRIODYRQH FRPSRVLWLRQ DQG DQWLR[LGDQW
FDSDFLW\ RI PRGLILHGOLSR[\JHQDVH VR\EHDQV JURZQ LQ 0DU\ODQG - $JULF )RRG &KHP 
 (SXE  1RY 
5DVVL &0 /LHEHUKHUU 0 &KDXPD] * 3RLQWLOODUW $ &RXUQRW * 'RZQUHJXODWLRQ RI
RVWHRFODVW GLIIHUHQWLDWLRQ E\ GDLG]HLQ YLD FDVSDVH  - %RQH 0LQHU 5HV 

6HKPLVFK 6 (UUHQ 0 .ROLRV / 7H]YDO 0 6HLGORYD:XWWNH ' :XWWNH : 6WXHUPHU .0
6WXHUPHU (. (IIHFWV RI LVRIODYRQHV HTXRO DQG JHQLVWHLQ RQ ERQH TXDOLW\ LQ D UDW
RVWHRSHQLD PRGHO3K\WRWKHU 5HV  6 
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6RPMHQ ' .DW]EXUJ 6 .RKHQ ) *D\HU % /LYQH ( 'DLG]HLQ EXW QRW RWKHU SK\WRHVWURJHQV
SUHVHUYHV ERQH DUFKLWHFWXUH LQ RYDULHFWRPL]HG IHPDOH UDWV LQ YLYR - &HOO %LRFKHP
 $SU 
9ROOPDQ 5) 7KH PHQVWUXDO F\FOH 0DMRU 3UREO 2EVWHW *\QHFRO 
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